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A . SCOPE AND SUMMARY

This (1000M.ettt is t he f inal report oil the developmew , tests, resu It s, .ind

status of the Lunar ALSEP Marts Spectrometer (rigures 1 . 1 and 1-2) designed to

Measure the composi t ion of the 1 unar atmo sphore from a position oil 	 lunar

surface as part of an ALSL•'P array of scientific cxpvri ►:wnts.	 Included also

is a discussion of the rationale for chooFing; a magnetic mass spectrometer for

IL

this program. The work was performed under NASA Contract No. NAS 9-7591.

This project was conducted jointly between The UrAversity of To y .-is at	 Dallas

and the Space Physics Division of LMSC. The design and construction of

the mass analyzer and associated electronics were the responsibility of

The University of 'Texas at Dallas, while the structural X111(1 thermal design.i

and analyses were performed at MSC. The radiator plate, fiberglass

housings, and base plate were fabricated at MSC. All. functional and

vacuum testing; was accomplished at The University of Texas at Dallns.

l;nvironmental testing; was performed at MSC. The Cround Support Lquipment

design was a joint program with the unit boing constructed at IN1SC.

Tlie instrument developed is a small (2); inch radius) magnetic deflection

mass spectrometer with a dual filament ion source and three ion counting

detector systems which simultaneously measure the concentrations of ambient

atmospheric gas species in thret, different mass ranges. These ranges are

1 to 4 .Amu, 12 to 48 auiu, and 40 to 160 amu. The mass spoctrum is scanned

by varying; the ion ,Accelerating; voltage in a step-wise manner and courlLing

the number of ions impinging; oil 	 detector per voltage step. The

count magnitude determines the concentration of each constituent of the

t;as sample in the ion source, and the voltage step number identifies the

O
1-1
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^lecllln ► wI il;ht of t hr s11"cies.	 M I h a dwell I ante of 1 : ccoud per voItagc

f t l )	 th-	 I ntsruuu^n rt	 oll:,it ivity 18 10 -1r►,^ 	 Lorr.

A prototyl)e model of Lh(- class spectrometor has been pack— aged in a fortrn,it

Suitable for use as an ALSEP experiment. The electronics .ire housed in

it tempc• r.o ► Ire controlled envirotlment with it mirrored radintor ))Elie on top

and a th-)(nal bal; insulator surrounding the other live sidrs.	 I'i; ,,ure 1-1

shows till i-M erior view of the protot ypc package. The electronics package

is rlount I d above the lase plate which bisects the package. The magnetic

analyzer k	 i)elo4! t 1 ► (s Dare plat - e,	 Figur e 	1-2 (bottom	 \'i('w) and 	contaiI15

the Ion ::m1ree, rlagnet, electron mull i pl fors, and analyzer tulle, and

ALSLI' cahIc reel. A thermal model and the prototype model underwent thermal

vacuum t(,I S , the results being included herein. A structural model. was

built find both it and the protoLype were subj eet.c•d to dual level vibration

tests. '111), test results show that structurally and thermally the mass

spectrom(Aer experiment will survive she ALSEY environment.

B. SCIENTIFIC OBJECTIVES OF EXPFEMIE\T

Primary Objectives

A primary ;:ci.enti.fic objective of Lhe Mass Spectrometer Experiment is to

obtain data on the composition of the lun.r ambient atmosphere in the

mass range 1 to 160 amu at the lunar surface. A second goal. is the detcc-

Lion of transient changes in composition due to ventin g of gases from the^	 P	 b	 8

surface, or from man made sources.

r
There ar(, :several areas of lurinr study in which data from a mass spectrometer

e:xpc• ri ► uent are applicable. These measurenmenLs are imporLanL in investi-

gating Lht• suggestion thaL noble gases, carbon dioxide, carbon monoxide,

hYdrog(-ti sulfide, ammonia, sulphur dioxide and water vapor may be released

by lunar volcanism and from rocks a nd magm. a. Argon would be a p-irticularly

1. 
1

1-4
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significant. Etas to cctatdy bercalise of its r(-la1Aon%hip to that K-Ar (Elting

process. ts1so it:, i rot ohic compo:.it ion would be of interest, as the

(I f f f(-rent isot opa: s have d i f ferent or i 1 •,i aas or product ion r:rch.ini tams.

40	 IiO	 3f'i s for.ned by t he decay of K 	 Ar	 and Ar 3 ^Ar 	may bcs spallat ion pro-

duct c of cosmic ray i ni a rract ions with surface inaterialh. eerhraps t Ile

mechanisms or release of gasr•s from tilt` surface, c.g. solar wind boin-

bardment, cnn be aff irmcsd after &-termining which of the• effluent

gnse•s comrri sr the l unar aLmospht rep .	 Likewi sc, data on released gn:.c s a .:; ll

certainly afford sonic knowledge of the chemical processes und,--rlying the

lunar surface:. Location of areas of released Eases are related CO the

sclenclogicel structures in these areas, by t riangulat iov techniques

mass spectrometers could be used to locat.e areas of active volcanism

on the moon if three or more i.nstrumetiLs carried oil 	 missions

were oherat i ng simultaneousl y on the lunar surface.

'111e firing of the ascent rocket of a lunar landing module i:i a good vx-

ample of a known poi nt source of gas on the • lunar Surface. The rate of

spreading of this gas cloud around the moon can be studied by mass

spectrometers placed r •i the surface during a previous landing and diffusion

rates for the various gases calculated. Also the escape rates of gases

of various molecular weight can be determined. Some of the gases from the

locket. will be absorbed oil l unar surface materials,	 so the out-gassing

rates of these absorbed gases Call	 be nWa,ured.	 From this information the

amount of contamination of the lunar atmosphere, clue to bath past and

iuture firings of rocket motors near the surface, coaild be ^--stir.atcd.

Finally, riass specs romctcrs will provide the means for determining the

nat ural distributions of gases ir_ the lunar atmosphere. This informat for

1-5
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I s rI; sell t i al if t he sourcc q 0 1;1111(..; , 3nd t raii slit )rt of t hc-:;e gaseK nre to be

understood. Si ►► cu thC lunar atmospliore Le a classical example of an exo-

sphere, i t :; global structure can be used to teat t heoriv a on exos plivric

t ra,isport , which is an important process in the terrestrial atmosphere.

it has been shown (11odges and Johnson, 19611) t bal l ight gases with

negl i gi bl v product inn and loss rates t vnd to be di stributed  at I he lunar

surface as the inverse 5/7 power of t, umperat ure, while heavier gases are

influenced by rotation of the ninon.	 Neon	 falls into the former caLegory,

find	 it s concentration on the dark side should be about 32 t imes that	 on

the sunlit side. Argon, being heavier, is expected to be noticeably in-

fluenced l)y rotation of' the moon, h: ► vilig slightly lest; diurnal variation

than nco . ► , and a longitudinal shift of its maximum to% .!ard sunrise, result- .

ing in n concentration at sunrise that ia. about 2 times that at sunset.

Other atmospheric gases are not [is amenable to analytic analysis, but

their distributions are nonethelvss important. ► lydrogen and hclium,

which are thought to origi nat.e mainly through neutral i zat i can of solar wind

ions on the lunar surface, are produced mainly on the s ► ► nlit surface, es-

cape easily, and thus are not expected to be concentrated excessively on

the dark side.. The accretion rates can be calculated assuming a direct

impingement of the solar wind on the lunar s ►► r. mace (ilinton and TaVusch,

^.	 1964) . Both these assumptions and the processes of acc. un ► ulati.on and

escape of these gases can be checked with the mass spectrometer data.

Water vapor, krypton, and xenon probably exist in the lunar at mosphere,

but viot on the dark side, nor near the poles, where Ole surface tempera-

tune is t - hought- to be below 100"K, and absorption must remove

every particle that comes in contact with th, surface. Cases absorbed

4
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ill coat , .i(1c ► ut:l y 61111uwCL1 reg ions iii-ar t F► cr poles n ► c „t,151.ely to reenuer the

atmosphere, but at !c ►wct' IatitIldvs the rotation of thu moon t'r'ansports ab-

sorbed gnses into t;unlIght where thcy arc reI, -ased into tht- atmosplivre.

Since surface heatirni; occurs; rapidl); this rrlt,,:ou probably occurs vn-

t irel y w i t h i n a few dc};rees long i t ude f rorn t he t;unr i re fermi uator, crcnt i it;,,

:, pocket of i;as which WOUld be detected by a mass spectrometer on the sur-

face wit It cash rotat iot ► of the moon.

Si ni fIe n nee of 1'xt ► c riment

Study of the composition and c!i.strilml ion of gascs in the lun y ► r atrnorp bare

is important to two current problems. V i rst is the understati,lins; of the

origin of the lunar atmosphere. Light cases, such as hydrogen, helium,

attd neon probably uriginate from Neutralization of solar wind !.Otis at the

Surface of Lite moon, while Ar 40 is most likely clue to radioactive decay

of 1^`0 , Ar Tf' and Ar ab may be exp.!cted a., sprtllation products of comic

ray interactAons with surface tnateri.als. 1.loleeulov g.,sos, t.uch as carbon

dioxide, carbon monoxide, hydrogen  sulfide, ammonia, su1 h e ir Iicxfdc, andP

water vapor may be produced by lunar volcanfsm.

7'hr second problem is relates] to transport. processes in planetary exospheres.

The exosphere of the earth, and that of alTn;Jst any other planet, is bound._d

`	 by a dense atmosphere in which h y d rodynantic wind systems complicate the

prohl3 .•:.t of specifying appropriate boundary conditions for exospheric trans-

port. This contrasts sharply with the situation in the lunar atmosphere,

which is entirely a classical exosphere with its base the surface of the

moon. The lunar exosphere should be amenable to accurate, analytical study.

Experimental determination of the global distributions of lunar uses can

provide a reasonable check on theory, givitie, confidence to the applicatiou

l-7
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of t hc-orLtical techni que.s to t.ran:;horL hrobl'--Ins in tilt Lerrestri al t-xo-

%ph(•re.

3.	 Antic iPated 1 1%esul t

gas(-.c: thought to be dominant in the lu ►► ar at ►;:oshhere are hydrogen,

he 1 i um, nron, and argon, with the abundance of neon vxcec di ng the o t hurl

by about i ► n order of magnitude. Other gases, and their sources, .nr(

speculative at this time, tut composition measurements should lead to

betLcr understanding of the mc,chanisn ► s wl ► ir:i release lases from the lunar

surfncc-..	 In addition, transicnt concert r..! ions of volcanic gases:, if

present, will aid in understand;ng lunar volcanism.

It is also expected that much will he loarned regarding exospheric transport.

Neon and i-irgon are Ov preferred gases for this study because their distri-

but:inns rre not expected to be affected by escape or surface absorpt-ion

(Bodges and Johnson, 1965). Neon is particularly interesting, since its 	
+
t

distribution at. the surface is expected to vary as the inverse 5/2 power
i

of surface temperature, resulting in the concentration on the (lark side being

about 32 Limes that on the sunlit side. The distribution of argon is ex-

pected Lo he noticeably influenced by the rotation of the moon, resulting

in its abundances over the sunrise terminator being about twice that over

s.urise.L Measurement of the disLributions of these two gases with rotation

of the moon will be of great value in testing and improving current Lheo-

retical Lecl► niques for analysis of exospheric transport processes.
F#

4. Relevance to Future F f fort

With each manned lunar expedition,, the contamination of the tenuous, native

.ztniospliere of the moon will become greater, and the significance of study

of the lunar atmosphere to planetology will be lessened. Therefore, it is

1-8
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import ant t hat an at t umpL be made to in(-orure t Iiv compo st i t ion and di st ri -

ImLion of f;ases at. the lunl:r surface on the earliest possible Apollo flight

and that similar or Improved insLrumentation be carried on £ut;er.c flights

as Wall.

5.	 ltriei Ilistory of rtvlaivd l.ork

HIC physical and ch omic al properties of the- atmospheres of the planets (and

the moon) other than the earth are noL well known, buL enou;;h is known to

make it clear that	 there are	 interesting ;wd	 s	 ste lliati.c distinctions among
(
\	 t hem. Some of these are a pparent ly	 indicative  of.	 the d i f fc:ring conditions

under which the individual planets were formed, whereas others result from

t h(c divergent evolutionary paths for the di.fferetiL planetary atmospheres.

Yo (Ir;te no atmosphere has been detc-cted on the moon. The most. critical test

for 1: neutral atmosphere has been the oc:culatiorl of stars by the moon;

While this test is noL very accurate:, it has given an upper limit of 10-6

atmosl)llerus. A much more critical test exists for electrons by occulalion

of radio stars or, better yet, spacecraft transmitters That are synchronized

to ground transmitters. Occulation of radio stars has given a limit of

about 10 electrons (and ions)/cm 3 . Occul.ation of spacecraft has indicated

a slight gradient in concentration, with concentrations increasing with

increasing distance from the lunar surface, an observaLion that is not- well

understood. A spacecraft orbiting the moon has observed Lhe lack of a

shock wave in the solar wind	 (Colburn et	 al.,	 1967),	 and this has been

explained in terms of the solar wind impinging directly upon the moon

(Johnson and n)`.ud b ley, o1 ,6S) Under athese.	 (:OI% diti011.^,	 an	 ion farmed from an

ambient lunar atmosphere %•.ill be swept away promptly by the electric field

associated wi.t.h	 the solar wind, the acc c-lcration time varying from about

10 sec	 for I;ydrogen to	 10 3 sec for xenon.	 The dCgree of ioni-ation will

1-9
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be approximately thc ratio of this acceleration time to the lifetime of

C the atom or molecule against ioni.ation by solar radiation, which is about

1 O ! ,	 , The upper limit  on ar ►bie.nt at mot:pheri.c ga ges is therefore about

10-10 torr for hydrugen and less for heavier F,as c's (10 -12 ► .orr for xenon) .

•

There is some evidence indicating, the release of gases, at least sporadi-

cally, from the lunar interior. Middlehurst (1157) has summarized the

visual evidence for color changes at specific locations on the lunar sur-

face. '1'liese are interpreted as luminescence associated with gas '^:el.vase.

About 400 cases have been observed, with maximum activi.t y in the vicinity

of Aristarch •ls. The best presumption is probably that the coinposition of

they released gases is similar to volcanic gas on earth.

Although not much gas can be expected on the moon, any identifiable gases

of internal origin w'-11 be important from a geochemical viewpoint. They

should provide clues to the internal composition of the moon, and fence

possibly to its origin. The impact of the solar wind on the moon provides

a source of about 3 x 10 hydrogen atones/cm 2 -s, and lesser amount of

heavier atoms - perhaps 3 x 10 
7 

helium atones /cm 
2 
-s, 1.5 x 10 

S
neon atoms/

2	 3	 2	 '
cm -s, and 2 x 10 argots atoms/cm -s. The most plentiful gas of solar

origin on the moon should be neon, for which a daytime partial pressure

of about 1.0 -11 torr might be expected. The partial pressure of hydrogen,

helium, and argon should be expected to be about, 10 
-13

torr. The more

plentiful gases in the sol. wind will escape more rapidly t}tan neon due

to thermal escape, and the heavier gases will be less abundant than neon

because of their lesser solar abundances.

I	
Namm

V
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C.	 RA'1'IONALL 1'01 1. TYPE 01' MASS SPI:CT1;0.11:1 , 1,1 S 'I UDI.El)

A magnetic deflection sector field t y pe of must; spectrometer was selvctcd

for development into a package suitable for measuring the composition of

tnc! lunar atmosphere as hart of nn ALSEP array of scit . nr ific in:;t ITtlmentS

under it contract NAS9- 7591 , received from MSC ill November, 1967. 'I'll i s

instrument has also been proposed in "Gas Ana y •►.car for the Lunar Atmosphere-

GALA II , proposal ho. 6969, dated October 25, 1909 (from ll'TD, Jolin li.

Hoffman, PI) for future ALSIT missions. The main reason for selecting a

magnetic deflection instrument is its inherent simplicity and stability

and its long-proven record in laboratory usage throughout the world for

isotopic abundance studies, nucl i di c maSS determi.nFlt ioi1S, gcochronology

studies, hydrocarbon analyses and many others. Upwards of 30 magnetic

instruments have been flown successfully fn rocl:et.s Lo study tlic compos-

r '	 ition of the earth'; upper atmosphere and ionosphere and five satellites

have carried such instruments (1.h(: PI of the above referenced proposal has

prepared and flown 14 rocket instruments :ind one satellite Mass Spectrometer

with two additional satellite instruments under- construction).

The magnetic deflection spectrometer is inherently simple in its design

and operation. A sweep voltage is applied to the ion source region which

accelerates ions into a collimated beam that enters normally into a mag-

netic field which separates the ions into different trajectories as a

function of their mass. The magnetic f.eld is derived from a small high-

flux permanent magnet with low leakage. Tieing a permanent. magnet, no

electrical power is consumed in its function. The magnetic field is stable,

as are the power supplies which drive the I-lass Spectrometer sweep voltage

and detector systems malting the entire system staibili.ty high. Because

the magnet design produces little stray fiuld, the flux around the instru-

l-ll
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ment , i.,e., 12 inches froln the magnet is rlhield cncotupas::ing the instrument,

is of the order of 1000 gami;ia	 No R1' fields are used. The electronics,

therefore, are s • raightforward and require a mi uiint;n of shieldi ng.

The tnass resolution of the magnetic deflect ion mass :;pc:cLromeLPr is adequate

to 11' evt the require-menu for lunar atmospheric studies. The resolution is

stich that at mass 135 less than 1 percenz: Contribution occurs from either

adjacent mass number p2a1:. At mass 39 there is less .!-an 1 part in 300

conlrihution from the mars 4 /100 peak (Ar ). The senslAivity of the mass

spectrometer is of the order of 5 x 10 5 an ► p •• ,'torr of ion current collected

at the electron multiplier detector. This sensit:vity is equivalent to

detection of an ion peak, at- 1 cout.t /sec. of 10 5 tore. at 10 counts/Sec.

she signal to noise ratio is 2 or 3. Therefore, the practical sensitivity

of the instrument is 10 
1 . 11

torr.

The dis persion of the ion beams at the collector part of the instrument is1	 l

sufficient t.o allow the simultaneous detection of three ion beams of mass

ratio 1:12:40. This arrangemcnt permits a scan of the ma , F^ spectrum from
M"

1 to 160 amu (less the 5 to 11. anal range) by varying the ion sweep voltage

by only a factor of 4 (nominally 300 to 1200 volts) thereby simplifying the

electronics power supply and reducing the time required to scan the mass

spectrum. At a 1. second per voltage stop scan rate of the ion sweep vol-

tage, the mass spectrum is sci,•lned in 2000 seconds. An optional mode of

operation allows the complete spectrum to be scanned in 200 seconds at 0.1

sec./step with a corresponding reduction in sensitivity.

The weight of the mass spectrometer package including structural and ther-

mal configuration is 24 pounds. The power required to operate the instru-

ment is 14 watts including; the thermal coatr.ol circuit, with an additional

1
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G watts required for a heater that operatCs below 0
0
C.

J	 plete pac • kaf;c is ll.," x 71-" x l'1".

Size of the com-

The principal developer of the ALSET Mass Spectrometer experiment

Roffman) received his PhD in physics at the Uni'.ersi ty Of Mi unesota under

Prof. A. O. Nier.	 His di.ssertatiou involved the construction .111(1 use of a

double-focussing magnetic Mass Spectrometer to study the distribution of

eosmopeni_c helium in iron meteorites, lie has li;;d 12 years (xperience in

the design, construction and operation of magnetic mass sp.ct.rometers, as

well as data analysin for rocket and satellite experiments.

Com)leinentini; capabilities in mass spectrometry, the current research of

the University of Texas at Dallas faculty includes an active program of

study of planetary atmospheres and exosplieres. ThC lunar atmosphere is of

great interest to this group both as a planetary atmosphere and as the only

accessible example of a classical exosphere.

Two of the other investigators, F. S. Johnson and ll. Evans, are engaged in

the lunar Atmosphere Detector. Experiment of the present ALSEP program.	 In

addition, R.	 lt.	 Hodges and F. S.	 Johnson have published the only	 (apparently)

serious theoretical analysis of global transport-. of gases in the lunar at-

mosphere (in Journal of Ceophysical Research, 73, 7307, 1968). Ongoing

theoretical studies of planetary atmosphere, as well as participation in

the ALSIT Lunar Atmosphere Detector Experiment and the Mass Spectrometer

(SMOG) of the Lunar Orbit Science Program, ensure the degree of competence

and continuity essential to realizing the scientific potential of placing

the I-lass Spectrometer Experiment on the lunar surface.
a
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;r	 A ,	 CHRONOLOGY OF 1)i:1'l: L01', T1:\'1' OF

MINAR MNSS Si EUI R Mll:TER

the devclopmental contract NAS9-7591 received from MSC on November lei,

1967 rel.!Led to tht: design, dcveloN ►aent , and test ink, of a mess spectrometer

capable of measuri ►► 1; the composition of the lunar atmosphere. Work was

begun iinaiediately on the design of the magnet and analy -:er -c-omct ry as well

(	 as the electronic circuitry. The initial contract called for the instru-

►rent. to scan the mass range from 12 t:o 160 amu. Eleven different electronic

subassemblies were developed and tested, the details of which ;tre described

in Section III.

An electron bombardment iun source was developed with its associated emission

.,).. ec► ntrol circuitry.	 In March 1968, all of the electronic circuits

	

0	 were designed, bread-bearded and testing was underway. Attention was then

directed to the packaoin , of the circuits for the prototype model. 'Thermal

and structural analyses were begun at MSC. Mechanical as •;embly of a bread-

board analyzer and ion source Was completed in 'May 1968, a ►id testing was

begun in the Ultra-high Vacuum Chamber at UTU. An electrostatic focusing

1.011 source constructed for the project exhibited some space change limiting

	

..,,	 of tlo electron beam. The problem was later rect.i fied by the addition of
3

an axial magnetic field to focus the electron bean on the trap (anode).

The Ground Support. Equipment (GSr.) was designed and constructed at MSC

in conjunction with engineers from UTD . (The system is described in

Section 111.) The GSE and data detection and co,npression circuits of the

Mass Spectrometer underwent a life test beginning in June, 1968, and con-

tinuing until November, 1968, without exhibiting a failure. The bread-

board designs and tests of the Mass Spectrometer experiment were essentially

6
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cotz ► p] ct c d ► •y Oct ober, 1968.	 At t hat t iuu! MI c-xt enNion of t 11v Von-

tract to July, 1969, was opproved which added the following r(quirc-mentS

1) Dcsign, develop, and fabricate magnetic sector tubes and

Associated electronics to determine mass range-: from 1

an► u to 160 a^.mu.	 The previous re(l ►► i rement was f.-om

12 to 160 aims .

2) Design and develop necessary internal electronic circuit ti on

su i t able thercia1 boards t o provi de a ll ill t ernaI operaL ing

temperature between -2.00C to +800C for proper operation oil

the lunar surface.

3) Desij,,n and develop the r _cecsary addi Lionel ion! r.aL ion pot c n-

t ial. gun acid associated eleeLrenic sweep circuits.

4) Design and develop method to provide internal calibr,ition of

F	 the spectronu:Ler wl.ien in a sealed configuration.
t`

A mveLing was hel d on October 18,	 1968,	 at MSC between representatives of

11TU	 and I.1SC for the purpose of deCermining the scope of the project,	 its

definite goals, and the division of effort between the Lwo organizations.

Basically, the project now included constructing Lwo models of the mass
i

spectrometer experiment. The first was a Test Unit which was used for ther-

mal and structural tests to be conducted mainly at MSC. MSC had the primary

responsibility for building and testing Lhis unit. The second model was a

Prototype Unit. This unit was similar Lo a flight model. suitable for the

/►.LSF.I' Program.'file responsibility for developing; the analyzer Lube, magnet,

ion source and electronics lay with UTD. MSC developed the housing and

thermal control hardware.

t^
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ii, December, 1968, t ho- ::t ruct ut-nl rind t heri:ial dt-signs of the protot ypc,

were compicted and a structural model construct ed at HSC. Testing of

this model to ALS1:1' qualificaLion level vibration specifications was

r.urcessfully comple-ted on May 2i, 1969. the same model was fittt-d with

printed circuit boards. having heat leads equal to the design heat dissipa-

tion of the prot.ot ype PC boards. A Lhermal vacuum te!sL of lunar day acid

night con%il",ions conducted in June, 1969, showed no heal dissipation pro-

blems.	 In generr.l, the c-quipment. operated at cool temperatures. See

Section V for results.

The Prototype instrument was constructed simulLaneously with the Structural

r',nd Thermal. models. The instrument was comp)(-ted in ALIgust , 1969, and

tested at UTD.	 (See Section IV for test results.) llowever, a major

c.atasLrophe occurred in that a high-voltage arc destroyed a large number

0	 of integrated circuits in the digital sweep control circuit and the output

detector eiruitry. The problem was finally traced to a large capacttor

which had no discharge path arid had accidentally, through handling;, dfs-

charged through Lhe components that were destroyed. The problem was

rectified, new components ohtained and the Prototype environmental tests

were conducted at MSC in January, 1970. The results may be found in

Section V. The contract was extended to 'March 31, 1970, to cover theso

tests.

l3. CURRENT STATUS OF ll< I)WAItE

A prototype model of the Mass Spectrometer suitable fc„ a Lunar ALS}:P

mission has been designee:, construc.t.ed, a.-td tested. The instrument has

undergone ALS1:1' qualification level environmental tests do MC, the

results of which are discussed in Section V. lhe^le included both a vibration

2-3
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and t hermll vac.uuni t u.,A . The intit ru ►nent pamsed hot h with teo problems

having been uncovered. The- prototype Mass Spr.cLrotneter is sho%Yll in

ril;ures 1-1 and 1-2. Thermal control I% accomplished by an active livatur

control. circuit in the electronics houstal; (the top balf of the package

in t by picture) . Heaters are operated below 0 
0
C an(] turned off above 60(,.

The (Aectron-ics package ire surrounded on f i ve r, ides by a t hermit 1)) anket ,

and covered with tiurf.aee mirrorr. on the top sic)( . . The Mirrors are attach-

ed to a radiator plate to which the electronics printed circuit. boards are

tightly coupled thermally. Heat lost: is by radiation from the mirrored

surface.

On Janl ► ary 29, 1970, a contract was received at UTI1 to build a Mass

Sp y etron ►et er for the lunar Orbital Science Missicn. This instrument

is similar to the ALSLP prototype except for the Wass range scanned

(12-66 amu for the orbital instrument). The complete electronics

circuitry has been redesigned for the orbital instrument using; the ALSEP

designs as a basis. Significant improvements have been made in these

"second generation" circuits. The similarity between the orbital. Mass

Spectrometer anj the ALSEP instrument is so great that rpproximately

70 to 80 percent of the circuits would be identical  and be uscd unchanged	 1

(same artworks and PC cards) for a future ALSI:P mission. The differences

lie mainly in the conrrrand interface and the high voltage sweep stepping

control circuits (a wider mass range is scanned by the ALS1:P instrument) .

The magnetic analyzer for future instruments is similar t.o that developed

for the ALS):P prototype and very little'design work would be required in

this area. The structural and thermal &-signs done previously would be

applicable.

`„a7
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il ► ^^ (:round .1 ;t ► lport Equirt•, ►ctit (CSI:) to suppo rt te.tit ► i; of the Mass

J	 , —ct romet, er Iins 1,een d v v a I o p v d at ►d I s ol ► t rut Iov.i ,	 Its fund ions are

tlescribed    In Section III .
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l 1	 111. ITCIINICAL snCIFICA'riONS

A. MASS SPITTROMET1:R

'11i(- primary object ;vc- of the A1,SEP Mass Spectrometcr Is to measure

.'	 the composition of the lunar ntmosphere. This war accomplished

utilizing; a magnetic sector -field mass spectrometer as part of aii

array of experiments to be placed on thr I unar auriace by an

Astronaut. The instrument scan:: the tras s r,zn, e from 1 to 150 amu

in three sections, and has a sensitivity of 10-14torn.

1. 5.1.Ltem Performance Charactei ii.t ics

For the following discussion, refer to the block diagram of the

Spectrometer (Figure 3-1).

The mass spectrum is scanned by vnr. , ing the ion--accelerating volt-age

iu a step-wise manner and counting the dumber of ions collected by

each of three electron multiplier detector systems during each

voltage step. Ilia mass range scanned is divided into 3 ranges, 1-4,	 U

12-48, and 40-160 amu, each range being; detected by one of the

electron multipliers. This is accomplished in the following manner

(refer to Figure 3-2)

Atmospheric gas molecules collected by the inlet aperture of the

Mass Spectrometer arc ionized by electron impact in the ion source

and collumated into a beam vihich traverses a magnetics field that

acts as a momentum analyzer. longs following three preselected

trajectories are focused on three separate collector slits and

allowed to impinge on the cathodes of separate electron multipliers.

The resultant electronic gain of the m-Atiplier yields a charge

0
3-1
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pulse at its anode which is counted by pulse amplifier and counter

circuitry. The ion-accelerating, voltage Jr varied in a t:tep-wise

manner from approx_;irately 280 volts to 1220 volts in 2000 steps.

Dwell time on each step (the counting period) is not critical, but

h .-Is been selected i.o be one second. Counts are accumulated for this

period and stored in a 21--bit accumulator, (one for each channel) .

An enable pulse from the Data System triggers the counting period,
and steps the ion accelerating voltage. Immediately following the

enable pulse, tLe data are compressed and stored in 10 -bit buffer

registers to be saciplcd by the telemeter system within the next

counting period following the data accumulation. Meanwhile count

accumulatiun for the next voltage step occurs. Two enable pulses are

received each counting period. The teleMetry frame pulse initiates

the start of a counting period. The voltage step number initiated

by a sweep --tart flag determines the mass nuiaber of the ion being

detP,cted.	

Irm",
The ion accelerating voltage sveep is generated by varying the vo1L-

age in a series of 2000 steps from 2£0 volts to 1220 volts according

to the following plan: 900 steps at 0.225 volts per step, 52.0 steps at

0.45 volts per step, 560 steps at 0.90 volts per step, 30 steps at

zero volts for backgrot-ad counting, and 10 steps at zero volts for a

calibration frequency. % flag indicates data or background and

serves as a marker for the start of each sweep. The maximum range

of the 1220 volt end of the sweep is +30 volts; maximum range of the 250

MW
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C) volt end of the sco(j) is +10 volts, depending on the magnetic field

value. The miniam,n number of steps between adjacent mass peaks belo^'

mass 135 is 12 and the mass resolution is such that at mass: 120 anus

,here is less than 1 percent contribution from ad jacent peaks. At a

dwell time of one second per step the sensitivity of the instrument

is on the order of 10 -14 tors. The response time of the high voltage

step change is less than 10 milliseconds.

Internal calibration occurs after each sweep of the tttass ;pectrut11

during the 20 zero-volt background and calibration steps by applying

sn internal clock output (nominally 32 1:112) to the counter inputs for

the lasL 10 steps of this period.

a. Tel emerer Format-

The Data System format contains 1060 10-bit words repeated each

second. Tcn sets Of Lhree 10-bit words each per 1 second period

cot.tai.n the mass spectromc ter datu;	 a single 10-bit word bit	 is the

sweep step counter. In addition, a single zero to five analog

housekeeping channel is provid ,.d. Fifteen (15) instrument parameters

are monitored, commutated internally to the instrument and outpuLed

sequentially on this channel. The housekeeping monitors are shown

in the following list„

1. -12 volts

2. +5 volts

3. +12 volts

4. Spare

5. A/D Calibration

c^
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7.

S.

9.

]1.

12.

13.

14.

15.

Su

Filament current

lnstrumen`_ current

11.V. multiplier monitor

H.V. sweep Inoni t-or

Temperature no. 1 (electronics)

Temperature no. 2 (mass spectrometer)

Spare

Flags

Sparc

-16V refnrencr

mmary of telemeter requirements:

5 10-bit words/1	 second

b. Corunand.

Fight: up-leg comi..ind words, 5 of which are encoded by pairs give 13

discrete command functions. These are tabulated below.

C olrmc.nd No. Command Genera ted Command N o. Command Generated

1, 2 & 6 Survival 4,	 5 & 6 Aiultipli.er LO

1, 3 & 6 Operate 6 Command Clear

1, 4 & 6 Discriminator 111 7 & 6 Dust Cover

1, 5 & 6 Discriminator LO S & 6 Breakseal

2, 3 & 6 Filament #1

2, 4 & 6 Filament	 ,,`2

2, 5 & 6 Multiplier III

3, 4 & 6 Emission OFF

3, 5 & 6 Emission ON 3-6

11 M
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2. Subsystem Performance Characteristics

Fur purposes of discussion relating to functional subsystem levels,

the Mass Spectrometer is di.vided into the Data 'Subr,ys;tem, Ton Source

and Control Subsystem, Sweep High Voltage Subsystem, Power Converter

Subsystem, and the Thermal Control, Housekeeping Monitor and Signal

Conditioni.ng Subsystem. Refer to Figures 3-3 through 3-7 for sub-

system block diagrams.

a. Data `:ubsystcm

Tlie Data Subsystem (Figure 3-3) consists of the high voltage power

supply, electron multiplier, preamplifier, discriminator and pulse

shaper, prescaler, and counter and data compressor.

The electron multiplier high voltage power Supply requires voltage

inputs of -12 volts, +12 volts, and +20 volts in addition to the

multiplier gain control. voltage. It supplies a nominal output

voltage of 3500 volts which is adjustable by command.

The electron multiplier (ion collector) has a gain of 10 6 and

functions as collector for the ions which pass through the magnetic

analyzer. Three electron multipliers are required in the Spectro-

meter, one for each mass range channel.	 (Refer to Section III A--1).

Each ion striking the multiplier cathode produces an output pulse

which is counted.

Basically an AC amplifier with approximately 60 db gain, the pre-

amplifier amplifies the pulse output of the electron multiplier

to a usable level for the discriminator and pulse shaper.

I'he input reference level of the discriminator is controlled by

3-7
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comm:+nd. This command can sct the di:;crimimitor's sensitivity

level at one of two values stick	 tliat a noise IM) GO will not	 trigger

the discriminator. A pulse amlitude exceeding the preset cutoff

level of the discriminator will cause the discriminator to conduct

and will produce a ptilse output.

CThe counter and data cumpressor converts a 21-hit mmA-r into

10 bits for readout. Steps in which the dc ► ta are compressed are

as follows (refer to the following figure for a typical data

compr fussor output):

1. The data ►► un ►ber is transferred from a 2.1 -bit count ci

to a 2.1-bit shift register.

2. Shifting of the data number begins. jt ;h{.ft counter

is used to count each shift pulse.

3. The shifting process stops when the most significant one

bit (MB) of the data number is detected in the last

stage of the shift register.

4. The six bits following this NtSB are saved for read-

out. This number is called "D".

1
S. The number of shifts is transferred to the four

stages in the shift register immediately behind

the number "D". This shift count	 is called "S".

6. A maximum of 21-7 = 14 shifts is allowed. These

14 ,ATMs will position the six loc:?est significant

bits so they will be equal to "D".

•

11 m
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7.	 Shift coi,nt 14 stops tho t.lti.fti»g; 1)roce--,s t,hctIt r

MSB is equal to 1 or 0. The counter will increment

to 15 1f MSB -= 0.	 ]f MSB	 1, the shift counter

will remain at 14. The 6-bit iamibc-r "D" will be read

out first starting; with the most significant bit.

"S" follows with its most significant bit first. 'lhe equa-

tion for reconstructing the va l ue of the 10-bit register WA is:

(D264) 2 1
	

S , if 5-14

D	 if S- 15

When the shift count is 5-14, the MSB is always equal to 1.

Therefore, the value 64 must be added to obtain the correct

data value. 141ion S= 15 the MSB-0, .-Ind no correction to "D"

is required.

Direction of Shif t

	

4-Lit	 6-Bit
	Shift-	 Data

Pulse

Count

r	 MSB
	 11SB

i i
	

Typical Data Compressor Output

F

I

%

D

M
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b.	 lon Source and Control Sub -,v,ytvm

The lon Source and Control Subsystem (Figure 3-4) consists of the

emission control circuit, and the ion source. Two fila ments are

availrable for redundancy. The following paragraaphs provide a dis-

cussion of subsystem performance characteristics:.

The emission control circuit is used to control znd switch the

filament volt ! ircr s in caso of failure of the operating filament.

The operating; fIIamenr, requiring; rfpproximately 1.6 amps, is at a

potential of -80 volts with respect to th^^ ionization chamber, anct

the standby filament, which serves as an electron trap, is maintained

at a +16 volts referenced to sweep voltage. Additional functions

include application and control of voltages on the focus grid, ion

chamber, and J plates number 1 and 2. The potential on the focus

grid is •3 volts referenced to sweep voltage, and the ion chamber

has the ion-accelerating sweep voltage applied to it. This sweep

voltage, which is a series of voltage steps, provides the Mass Spec-

trometer's ability to scan the ion spectrum.

The ion source perforaas the function of ionization by electron

bombardment of the atmospheric gas molecules, accelerating; these

ions and forming a collumated beam directed into the magnetic

analyzer.

c. Sweep lli nh Volta ge Subsystem

The Sweep high Voltage Subsystem (Figure 3 -5) consists of the sweep

high voltage pover supply and the digital sweep control. circuit. A

discussion of their performance characteristics is presented in the

following paragraphs.

l
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I -lie sweep high voltage power supply develops the high voltage lrvel

on which t ho ion source rides. ']'It(- circuir obtains +20V from t hc

--v-1tchin ; pr(--regulator, And Lite two cont rol signal s (swee p and

pedestal) from the digital sweep control circuit. Thir. combination

provides au output voltage which sweeps from 0 volts to 1220 volts

in the following, manner:

12.2.0

716.5

482.5

280

0V 1j

----C'	 90 ec -—	 I

142 sec.-

200 sec._.

After setting in the background count mode (0 volts) for twenty counting

periods (egt.ivalent to 20 zero volt step ,, ) tl:e output begins to increase

In a stepwise manner from 280V by 0.225 volt steps (900) until it reaches

482.5. The step size then doubles to 0.45 volt/step for 520 additional

steps to 716.5 vol!-.s. The step size again doubles to 0.90 volts/step

for 560 steps to	 1220 volts.	 The total number of steps,	 including the

background mode is 2000, at 0.1 sec/step the sweep time is 200 seconds.

The output now returns to zero volts and :.he S%--Cep cycle Starr; over.

^I
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6

The digital sweep control circuit develops a sweep mitput and a

pedestal output. Together these two outputs control the sweep high

voltage power supply. these outputs are refvrenc•c•d to the 10 ?YS

or 1 ITS input ('0 slrps/sc: • , or 1 see/step).	 'III(- SWOOP output

con&ists of t' , rec straight 1{nes which approach ran exponential

as shoran.

0
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d, Power Converter Subw

7'110 power Convc , ricr Subsy:;tcm (Pigure 3-6) cl

pre-rvgulator and the low voltage power supp

i'lie switching pre-regulator obtains 28 volts

St at ion and provides a refUl ated -F2UV to .2.

than 85 percent efficiency. This output is i

powc, r supply, the sweep high voltage power si

high voltage power supply, and the emission i

event the Output 4 S Shorted or overloaded, tl

in the current limit mode and will drain lcs;

than in the normal mode. The input, is al.--o i

large voltage spikes (50V) on the CS input

The low voltage power supply -Iccc-pts the +20

switching; pre-regulator and develops -25 vol.,

-^15 volts, -16 vol.ts reference, -t-5 volts and

voltages are used throul;hout the instrument.

6
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0
a dri vc osc il.lator f.ai 1 Lire., 010. circuit will Sul f.- o; c i 11:11 v

^^nd cont i III10 t O provi do Al. out puts It a s 1 ifihl 1 y reduce -d

efficiency.

C . Thermal_ Con trol ,llorrsek ec' An_Z__Mcjn i t or,

and Siun .11 Condit ion ir_ij; Subsys tem

This Subsystem (Figure 3-7) consists of therrial control, house-

kccpin- moni.Lor, and signal condi.tionin^; circuits ins-talled on

printed circuit boards.

The thermal control circuitry consists of the -1.2 volt monitor,

-16 volt reference monitor, instrument current monitor, mass

spectrometer temperature monitor, ul.ectroni.c temperature rmonUor, ,

and thermal control. It performs its function of regulating
J

Spectrometer temperature by utilizing these reference, noni.tor,

and control circuits to switch oa and off a pair of patch heaters.

Housekeeping and monitor circuits consist of the multiplexer,

output buffers, and a divide-by-ten counter. The multiplexer.

samples 15 analog monitors at the rate of one per second and

converts the information to a di.gi.tal word.

;w-

6

1 n
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the divide-by-tcti counter receives the buffered 10 PPS from

the Corimand Station and generates a 1 liz pulse ,tream which

is used in the multiplexer, and a sync pul.se for the diagnostic

GSE.

3. Component Perf orm.ince Characteri st ics

The component level treatment of the Mass Spectrometer consists of

dividing the PC boards and other components into separate and dis-

crete functional entities. Schematic dizFrr:ms of the PC boards are

provided for it better tttiderstanding of the individual component.

(Defer to Figures 3-8 through 3-18). For a more detailed discussion

of performance characteristics, refer to subsystem discussion in

Section 1II. A-2.

a. riul t ipl:^_er Ai ,I h Vol t.as;0 POWOr Supply

The power supply outputs identical voltage outputs to Channels A, R

and C. Discrete circuits of the multiplier high voltage power supply

', 
1

(Figure 3-8) consist. of the following:

Circuit

1. DC to llC converter

2. Control loop op-amps

3. Temperature sensitive
resistor

4. Output filter

Characteristics

Converts input voltage for

Spectrometer use

Voltage control

Voltage control

b. Electron XI'ultinlier

The electron multiplier (Figure 3-2)	 is reduced to separate components

N
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as follows:

Co,112 0 n c . n t
	

CharactorIsti.cs

1 . Cathode
	

Ton-electron convel sion

2. Dynodes
	

Electron ImilLiplication

3. Anode

•

c.	 1 1 re imp I if ier

C; The preamplifier	 (Figure 3-9)	 is basically a	 straight-fom.-ard ac

amplifier.	 There	 is one each preamplifier in Channels A, 	 B and C.

d.	 Discriminator and Pulse Shapes

These two circuits	 (Figure 3-9) are divided down to their 	 lowest

functional	 level	 and	 their	 titles desc.-ibe	 their	 function.	 There

i_s one each discriminator and pulse shapes 	 in Channels A,	 li and C.

Ce. Analog to Digjtal	 Converter

The analog to digital	 converter	 (Figure 3-10) converts housekeeping

analog	 signal.s	 to an 8-bit digital •cord for use	 in telemetry readout.

f.	 Counter and Date Compressor.

There	 is one each counter and data compressor in Channels A,	 B and C.

Circuit delineation of the counter and c.ata compressor	 (Figure 3-11)

is as	 follows:

I'll

Circuit

1. Timing ca1tu control

2. 21-bit counter

3. 21-bit shift register

4. Shift pulse counter

Chnr.ncteristi.cs

I:eference

Counts each shift pulse

Data compression

Stops shifting process

2-

n
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g. Emission Control

7hc- emission control (Figure 3-12) selects and controls the filament

v,hich is the pounce of (, lectro-is in the ion source.

Discrete circuits are as follows;

1

Ci.revit

.^. DC to DC converter

1).	 Lmissic.n 1 detector

c.	 Ristrable (Flip-flop
multivibrator

Characteristics

T1 designed with 1600 volts
isolation

Filament fails, S second delay,
'30 msec. one-shot pulse output

Triggered by 30 msec. pulse

0

d. Emission current	 Emission current at constant

regulator	 level

e. Filament monitor	 Sense current in f.ilnment.s

f. Sweep voltage dropp3.11f;	 Provides vo'_^nge for drawout

11etworl;	 and plates J1 and J2

h. Sweep 11igh Voltage Power Su T-1

The following list shows the circuits contained within the sweep

high voltage power supply (Figure 3-8).

Circuit	 Characteristics

1. DC to DC converter	 Converts input voltage for

Spectrometer use

2. Control loop op-amps
	

Voltage control

3. Temperature sensitive
	

Voltage control

resistor

4. Output filter

J. .	 Dit;i.tal Sweep Control

'_'lie digital sweep control (Figure 3-13) consists of the following

1

ti
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0
I

circuits:

Circuit
	

Characters r.t ict;

a.	 Binary counters
	

'lbese circuits are used to

develop a sweep and pedestal
I). Logic circuits output	 for control of the

sweep high voltage
c. Digitnl/analog converter

.j.	 Swi.tclijog	 Pre-Regulator

The swiaching pre-regulator	 (Figure	 3-14) consists of	 the	 following:

Ci rc-ui t Characters :;t i.cs

n. Input	 filter Input designed to accent
voltage spikes of 50 volts

b. Pre-regulator 0.6 amps current	 (normal)

C. Blocking; oscillator Provide operation in case of
failure in normal mode

d. Scales	 (Flip-flop) Scales	 50	 1;11z	 to	 25	 K11z

e. role-back current	 limiter

f. Output filter

k.	 Low Volta,;e Power Supply

Discrete circuits contained in the	 low volta;;e power supply	 (Figure	 3-15)

are as follows:

Circuit

a. Input filter'

b. Inverter drive

c. DC to DC converter

d. Low voltage regulator

e. Failure mode

Characteristics

Filter and isolation

Converts input voltage for

use in Spectrometer

Regulates output

Self-oscillation provides

power at reduced efficiency

% n
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I . Thermal Control

Thermal con y rol circuits M.gurc 3-16) rirct contained in the following

list:

Circuit

a	 -12 volt monitut

b.	 -16 volt monitor

C.	 ln.•trument current monitor

u. Mass Spectrometer temper-
ature monitor

C. Electronic temperature
monitor

f . 'Thermal control

Characteristics

Milives the reference,

monitor, and control circuits
to wJ t ch on and off a r-r ► ir
of patch heaters.

M. housekeeping Moniror

Housekeeping monitor circuits (Figure 3-17) are listed as follows:

Circuit	 Characteristics

a. Mu] t ."Plexer	 Samples 15 analog; monitors

b. Output buffers	 Ensure minimum deterioration

of signal

C. Ulvide-by-Len counter	 Receives buffered 10 l'1'S input
-nnd generates l 11z pulse

stream for multiplexer and

sync pulse for diagnostic BIT.

(1

"M
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Circuit	 Characteristics

n. Swatchinb circuits
	 Switch pains for high and

luw 111,1s8

/I.	 Syst c on Ph y sical Characteristics

a . Conf i gurn t ion

v	
n. Sif^nrll CondMonin ,

Signril conditioning (Figure 3 -IS) consists of the follol 3 ing:

•

Size -11-1/2" x 7-1/2" x 12"

WeIght - 24 pounds maximnvii

A base plate bisects the 12" dimension. The electronics are mounted

on one side, the analyzer on the other. A magnetic (conetic) shield

ene1ores the analyzer section.

b. Magnetic Analyzer

A magnetic analyzer consists of an ion source, drift tube, three

collector slits, three electron multipliers and a permanent magnet.

Three ion beams emerge from the magnet after traversing paths of

radii 0.39, 1.37 and 2.50 inches in the nia&net flap anti impinge upon

separate collector slits. The mass ranges scanned across each

collector are from t to 4 amu (low mass), 12 to 48 amu (intermediate

mass), and 4C to 160 amu (high mass).

C. lon Source

1. Electron bombardment type.

2. Two filaments for redundancy.

a) Selection manual by conuiiand.

b) Filament current -• 2 amps maximum - (monitored as a

housekeeping function).

t	 '

rt
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r) Filamrnt voltnl;c - Approximately 1 volt.

d) Emi-ision c.urrvnt - A pproximate ly 	 uA.

c) Electron energy - &0 eV.

3. 1'rap, - -+45 volts (fixed) with respect to shield (sweep voltal;c).

Tolerance +5 volts.

The fallowing electrodes derive their potentials from a

vol tage divider between the s^Yeep high vol Lage and l;reuncl.

4. .1. Plates (2) - Approximatel y ?0 percent. below sweep voltage

(independently adjustable).

5. Yo.:us Pule - Approximately 0.5 percent below Swee p voltage.

d. Mn ;net

1. Columax 5.

2. 1 /8" thick pole faces.

3. Gap	 - 0.220" + 0.001".

G. Field strength - 4700 + 150 gauss.

C. Detector

An electron multiplier and counting system follows each collector slit.

Each counting system is capable of counting uniform pulses at a 8 mHz

rate and storing the Data in a 1-bit accumulator. The data stored in

the accumulator is compressed in a pseudo-logarithmic fashion to a

IC hit word with 7-bit ar_curacy and stored in a buffer register.

Transfer of tl•e data to tiic Data System is accomplished by a serial

pulse train activated by an enable pulse from the Data System.

N
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f.	 Electron 1•lulttipl icr

LT—C,	 Vultare Rnnt^e	 Load

Ampex P152	 -3500	 100 l•1egolims

Dark Current - Less than 1 Picoamp at a gain of 107.

Cain - Minimum output pulse: 2 x 10 
r 
+ coulomb.

Voltage Stability - +100 volts.

The taro voltages are seicctable by conunand.

C. , .	 Ce 1 111t i n;; System

1. Pulse pair resolution 0.5 p sec.

2. Maximum counts per step -106.

3. Maximum count i np, rate - 2mliz .

4. Bacicgrouiid counting; rate - Less than 4 counts/second aL

discriminator setting; of 60 gib below 1 volt.

5. Counting period - 1 second.

Ona period per second synced to TM system.

Two discriminator levels are selectable by command.

=6

r
i N M
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----; :-- Serial Data Out to I-. / C

•

l: v^lr t	 `^llata	 D^.t
}Tame	 Dcmand Rate
Work

0

T-l0 SLart

Fi-ure 3-15. Data Coat rol. and Signal Conditioning



l:.	 (;Row, D s1t1't^o1^^r rqult^;ll: rr (c;^rI

The purposr of this sec t icon of the report is to accivaint the reader

witli the technicn) details of the Cround Sul•11011 1.qulp:,ienL

Cou.,;olc Unit as a Dart of the UTD lel,.isr Spvctromotcr.

The CS1'. Console Unit has the capa lbili.ty of providing powc-r and

stiimll i to the Mass Spectrometer. It also provides a monitorin(;

and da t a record in cOp<<hi 1 i t y.

1.	 Dt'...ign ;^Lccifirations

a.	 1:IerI.ri ^al

The UTD-GS1; unit interfaces  electrically r:, 	^ the Mass Spectrometer.

(l)	 AC 1'ov:,e-r -.ncl Input_ - '1'110 UTD-CSL Uni- t. has thc . f.ol lowing AC

power icquirements:

VoItago:	 120 volts 4- 3%, -10`70, single.-phase, 3-wire.

Frequency: 60 + 1Nz

1larmoni.c Content : 3% l:,°iS maximum

Peak Power: 20 amps

(2) Si-gnaI Interface with Hass Spectrometer - The Console CSI; inter-•

faces with the CS connector of the Mass Spectrometer.

b. Mechanical.

The mechanical characLeristics of the UTD-CSI: Unit are as described

in t lie following paragraphs.

(3) Yhysic ',l 1'roocrt, I'S - The Console GSL is 11oUS ed in in enclosure

lit,ving the following; outline dimensions:
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N .J.ght :	 36 inchCs 1113 1:ir, Lill,

l;idth:	 22 inches maxir.n+.l

W!pth:	 22 inches maximuri

l,e.ihht ;	 200 hounds maximum

2.	 }:ca cc ir c ► ^k . r,t s

The Console GSE` All provide all electrical puti•:rr, ,Ainiul1 a ►► d

communi.cat ion signals rcquircd to operate the Hass Spectrometer in

vach of it:: modes,

Power - The Console. GSE. will provide electrical power to the

MASS ShL.ctr0n1etcr via the CS connector (.11).

1'hc GSE provides the f.ollot-An. basic pm.,cring capahi_lity at

the CS connector:
r •^	

36 VIX maximum, 27.5 VDC

nc ►mi naI

6

Current:
	

1. 5 Fimpe res maximum, 0.75
amperes nominal

Voltage Control: 	 OV to 36 VDC, 10 turns

1IvLers:	 Voltage and c:urrcnt

line Regulation:
	 0.005%

Load RegulnL ion:
	 0.01%,

Protection:
	 Current li mi ti ng and overvo1.take

Model:	 KFATO CK36-1.51\1 power supply

(5) Conimand a.nd_C'ont rol - The console GSF provides all of the

Central F.ation functions.

In additi_c ► r► , the console GSE provides other functions which are

desirable for checkou t_ and test operations including diagnostic

capability.

(^+)
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r)	
c'o;^un;tnds - The following Commands .11-4 , proviclvd:

k

.en d ho.

1, [ 1. 6

3 1. 6

6

1, 5 & 6

2, 3 

2, 4 f: 6

2, 5& 6

3, 4 6 6

3, 5 & 6

C.)::.i;:and Gener.ltcd

Survival

Operate

Discrimin;it-or III

Dincrfminator I.0

Filancnt ail

Fa lz.tncnt #2

?Multiplier III

Emission OFF

Emission ON

Co..-:.;in(! No.

4 l 5 b 6

6

7 f 6

E b 6

Car.:11a11d (-Vuerat ed

Mu].t:iplicr ;.J

COUimancl rIL,.r

Dust (:aver

],real:seal

(6) Data Iii s_p ;_y - Thee Conso.'.e GSE provides decimal and binary (Hs-

play of the data work from the Mass Spectrometer switch. Status

displays arcs by lamp indicator. Analog data are displayed in

decimal form on the	 ]amps are provided t-o, verify the

instrument interface with commands.

(7) Logic Unit - The Console GSE provides all of the digi.til logic

to the Mass Spectrometer in such fashion as to essentially

duplicate the function to be provided by the Ccnt.ral Station.

The logic Unit is constructed from co=, ercial logic cards

0,

	 manufactured by Coniputor Controls Coarpany. The Logic Unit pro-
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im

vid(,!, the fol)ut:icil, funct'ons;

0 ) Da t.n Uord	 l:n:: b C	 C-- L L' .

'll:c Logic 17111 t },c r.,. r:^t c :: rind provid er t 1 , cc sync • hi oni;,c'

wore ► gates of ](. - bi.t durat ioii to the experiment. The

word };uses will occur at a 10-CpS rata. The Three Word

enable gates may be consecutive or separated by a mu'.tiple

of 8 bits. The format is fixed to dul)iicatC ticc

ment of the Central Station. Th y word vilable gates appr•.,r

on Sep:+1 cI to 1 1 >>c s .

(h) Data Shift Clock.

A drita shift clock is provided synchronous with each c ►iable

word Fate. Each series of s p ite cloc1: pulses contains 1U

shut pulses. The shift pulse coincidence with the first

hit i s omitted. The firs: shift occ ,.trr at the start of

the second bit period,

(c) Data Decompression.

The data processor provides logic to decode the compressed

10-bit cJ^:ta word from each ion counter channel into 4 code

bits and G data bits.

(d) Binary to Decimal Conjersion.

Fach 10-bit. binary data Word is converted to binary coded

decimal and made available to the data output register. The

data output register pr-)vides the circuits to interface

with the printer and the lamp display,

C^
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1	 rate.

(a	 Print For ►r • ► t :

Co] umns

1

2.

3

!t

I n f o rant t i o n

Pousekeeping

Iii f;i tal Sweep

Data

Da t a

6

(ti)	 ))ata Priutiu:-, Lgiiip%tvitt. - The Con:.Ac CSl: prints oil paper tape

t 1 ►e *:c:,ul is of the data processor oper-zt iott,:, 	 l'ri.nt ins, orIf;inaLc5

frow a Yranklin Printer Model 1(30ll-104A16. 1he printer prints

on cotnm,zud from Ole dl;ita processor nt it rat o of 20 lines per

second. The print format is as follows:

Th.- anzlof, printout, from tier ]tousekd-( , pin,; update.,: at. a

t

<j

5	 pater

(h)	 Printer t11"ll-lcter1 St. ics:

Maximum Printing Speed

Print Drum Type

Print Columns

Marking System

Finish

Power Requirement

Print Logic

I 'O"ic Levels

..1..

$Vl

30 l roes/svc

6A16 standard

16 columns

Inked ribbons

Fail fold paper

, iiidard com.^tercial

110 %'AC, 60 11z

8-4-2-1 "1" state position

4.0 VDC + 1.5 VDC

0, 0, -+-.5, -0.0 VDC

i
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Print Cormuind
	

Sr:me are above

Out put. Cate
	

Snore a s n hove

6

	

(9)	 Dif-Al :1 V-)!h:,,-tc`r - A D\':i whose hrfttc • ihnl function is to 1nonttol-

t he analog house-heopin; biftnal ; a: provided as a part of t.hc

Console CSI: unit .

	

(IO)	 D\':•I Charncteri!.ties - The DVM has ImIIt - i.n systems capability.

The DVM, has the followin g charcicteristic•s:

Ranges	 lOV, 10OV, and 1000%'

Accuracy	 +(0.057, of reading + 0.001% of

rangc, ) 24

(0.01% of

90 days.

Input Impedance	 1010 0

10 7 ohms,

hours; 23°C + 1°C +

reading + U.003°/, of range)

Inns, IOV range

100V and 1000V ranges

Speed	 25 ms ma y: ur. F i l tered

500 ms max filtered

AlaxiMLIM Data Range 	 80 ms unfiltered

Data Output	 DTL and TTL compatible, fully

isolated.

(11) Analop Ilou sel:eeninr, Functions - The analog housekeeping data

lormlt is given in Appendix A.

3- 4
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H. 1 1 1;R;i ,t+:zMA ;C!; 111:SIT RESULTS

A N of of ype: Acc( , pt :lllc• e TWA Procudure has boon wr i L t en and is :: t t ac•l:ed

as Appendix A.	 '1 hi s procedure i s used for test in t o, the fume( iota:,l oper-

at ion of t h^	 i nst t unu^nt ill t 1.. U1 t.r:r- 11i, h ^'ctctrum Chtmmller at U • 1 • U and

duritip, the environmc•ntitl t. • :ls at Xsc.	 'j'hc Intter tore. discussed in

S('Ct ioil V.

'1'ltc t est s conducted at. UTD consisted of all operat f anal checkout test'. to

enrurc proper vperat i on of Lhe i ns( ruinent . The anal) fur section was

initially tasted in the vacuum chamber ut ilizing cl ect rou;cs n ►ouoted ex-

ternal t o t he (Aiambcr to foci l it at e adjustment: of the variable parnme-

t:erF^. Hass spectra were taken which arcs shown ill 	 11- 1 for the

thr ee mass ranges of t he inst rtiment	 The high class rallf;e e xtends to mL .,

160 auul but only the hortAon to mass 86 is shown in the figure. T1 

mass rr•solution is such as Lo clearly separate mass 3 from 4 in the low

mass cliannel , 140 from 41 i n the i nt ermedi ate mass channel , and 1 1 2 from

113 in the hif;h mass channel. This resolution is sufficient La prevent

more than a 1 percent interference between the Xenon isotopes in the

130 anlu mass range: also, t here is less than 1 part in 300 of the mass

40 peak at mass 39. The figures are tracings from Fill analog output

t	 from the instrument, the ordinate being a log scale. Vie -impli.tude scale

is shown at the left.	 In lunar operation, the data c • 011eetion will be in

digital form, that being tlic number of corlLs obtained per voltage seen

of thc high voltage sweep circuit (see Section III) . A sample printout

is shown in Figure 4-2, The number of iuns counted on each voltage step

is listed as a funcLion of t irle (t ime after sweep start) iodicat c • d by a

0. fla1;, being rclatr.d to mass number. One count- per :,tell (nominal 1" taken

6
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1u l^, 1 ::c • cunc!) I clort	 nt	 a : e rs ► I ivi ; y of 1 >: lU	 tore.	 Ten count s

1 ► t • r s,tol ► . rtll;nal to noise^ rot io of 2 or 3, rrhrc•rwntr a u ►;ahlt. sells it ivity

()f 10 -1/1 tc ► rr.	 The ' ► ttc';i ►,round counte r role Jr, usually from 0 to 1 counts

per St ep.

'I he ce nt i rc • l rol ot.ype i tic,! ruc.tc•ot vn,^ opt-rat-ed to t he vac titwi chamber 2 ,'1 11UUr%

;cf t t • r pu:up;	 was 111i t i:&t ed,	 t. i t lc an aml,ient prc • rtsure c ► f 10 -	t orr t hi!

itistrt-ment elect ronicu uxldbi tod tw tendetccy toward hillh vol t apj-

or corom, prol ► lent:;.	 Thi s test proved that ,cdc quat t- out.f;arsssi n,, parts were

desiF,ned into the electronics pr:cl:af;e to prevent such problems.

future te s t	 of the F!zs:, Sptctru-.:ester include partic • ip,,ti.on in the- planned

com t ► ari son tests  but ween t hrer proposed lunar !•lass Spt•ct rotneter:: to be con-

ducted at the .IPL MohAnk in the tall of 1970. The purpose of these tc,:ts

JS to c(ntpare the opL• rs► t ic► n Of these inst rutnent s at very low pressures and

to study t l,• . r sensit i vI t:}• to v<Zrious F;ascs.

\, r
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Fil;ure 4-2.	 Digital. Mass SFect -m A-MU Printout

•

17

,D

16

.w

,)()0r►

.,t 0 U ('^ 1

,000 3
0 0 0 0 2
^) 0l 88
0 3 9 1 5
U632`^
'r l► 4	 2

0 ? 8 1 3
0 0 0 6 7
0 0 5 3 0
0 0 0 0 2
0 0 0 0 1
0 0 0 0 4
0 0 0 0 3
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1
000C► 0
0 0 0 0 2
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0 0 0 0 0
(► 000 3
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0 0 0 ^ i
( ► 000
O U O O O
0 0 0 6 8
0 3 0 6 2
1 5 4 4 9
1 9 3 7 2
1 V 4 9 3
09',/+0
004 2.8
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U 0 U 0 1
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0 0 0() 1
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()00011
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0 0 0 0 4
0 O l 3 7

0 4 5 3 7
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0 0 0 0 1

0 0 0 0	 2.
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00000
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0 0 u 1 l
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0 0 0 1 2

0 0 0 1 8
() 0 0 1 8
0 0 0 0 8

0 0 0 0 l
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0 0 0 0 1



V.	 11TSI') T",

A. STRUCITRA). '11:STS

A st ruct.ural inodcl of t he .1ass Spectromet er• was court i tided cent,► ining

wcJjji :vd Yt' boards to simulrAc acttutl wtil;hls, a din-uny analyser tuba

And an actual 111al;net .	 The Enviro ► u.u• ni al 'Jent Spvci f icnt ion (1'1;11-Sit-100) )

to which the i nst ru"tent was subjected is included as Appendix 1;. TI c

sl,ructurril model successfully underwent. it 3-axis vibration test to ALSEP

yualification levc is on Mzy 23, 1969. A report oil 	 test (Documcut No.

61,41). 141.12) is attrchc--d as 4ppetldix C. 	 In a previous vibration test a

failure occurred ill 	 hor i zont0l shake test. ill the c l e ,:Lron i.es lrlc kriz;c .

The two scLu of four pri.a.ed circuit cards mounted on stand-offs from

t he radi vLor plate broke loose (]LIE! to a shearing; of the studs on which

they were mounted, Thit; problem was corrected alld the subsequent test

'
proved the system acceptable. The prototype Mass Spc^ctromc•ter was sub-

,).J

jected to the same test as the structural model oil 	 9, 1970, with

the result that no struCturcll problems occurred and tl,C instrument was

operational before and after the test. As a result of these tests, Lhe

i
structural design of hoth the mechanical hardware and the electronics

packaging is considered to be proven adequate for f1il;ht on Apollo missions.

B. THERMAL VACUIIM TESTS

A thermal rludel of the Mast. Spectrometer was constructed using; the struct -

ural model	 fitted with PC boards. 'These PC boards were Lo dissipate the

design power of each electronics subassembl y and were ad.quately fitted

w.' l: t hermocouplCs. A thermal VaCUll111 test simulat ing both lunar night and

lunar day was conducted in a vacuum chamber at MSC on the Thernial 1"lode1 i.n

,...^	 June	 1909, according to the test sp( • ci.ficati_ons, E1:U-S:1-1001.	 Dilrilig the

ct)ld test it was found Lhat in a survival mode -- heater power only -- 	
i
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•

6 %., , : 1 1!; wer y rcdcc i red to vial io a in t lit! co ldt- t poi it( i n t l ► c c lec t.roo i c• ;

sect ion ;A -75 Y.	 ':his. i:. b;11-1'1.y wi.t 11in r.1 ►cci ficat.ions of survival of

electronic component	 .,ith no heater power and 10.8 watts of e-cperiment

power, the coldest Point vas -1 /0F which is hvrcly ioleroble. Tito -iddi.-

Lion (If G watts of lhc • ater mower ratsvd Lhe temheraLurc to Y) 0 F which is

quite acceptable. During tho	 hot	 test with experiment pc,4:er on, 10.8

watts, laic	 hottest point in	 the	 electronics aroa was	 81 01', well within►

spoci.fiCaLions of c•lectroilics component-s. No major problems resulted

fror,i these Lest s rtud t ho	 des i gii of the pzxkage is cons i.dered

adequftte. llowever, if all of the temperatures were increased 20 to 2501',

they would Ile more within the design ranges. Thi.s may be accomplisF ► td

by masking off a portion of tl ► (! mirrors on the radiator pl,:te. A report

of the test re>;ul t:s is altaChed as Appendix 1).

1-0	 A thermal vacuum test of Cie prototype Mass Spe.ctromeLer was corduc, -d

in J.-munry 1970, to the same test specif i.cat i ons as the thermal U10de1..

A nuIaber of thermocouples wc ►-_! attached to key parts of the electronics

modules and the analyzer section. A plot_ of equilibrium temperatures for

various po:,er input conditions is shuwn in Figure 5-1. From the figure

it is seen that the coldest temperature experienced by the baseplate with

heater power only on i.s -30 0F whi.le with the electronics power on it is

-1-15
0 
F. The warmest temperature seen is -t-80 01". Tile worst Case c1.ecLronics

temperatures are -200F, 1-400 1, and 1-1000 F, respectively. Alain, the

cl ectronics appears to be well protected by Lice thermal control system.

The baseplat c• temperature- excursions are considerably larger, -180 
0 
F  to

+1900F, but there are no components in this re-ion that are temperature

sensitive.

ti
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Those t e .; t s i nd icat t . t hat tile t	 of 011 Mass Spect.roint-t c•r i.s

t ..	 s;uf f i s i ( , n 1. t a brut cc 	 : hv i nst ruincttt	 can t Icc l unar stir f.ace and vnr,ut • c i is

wori.ah i l i ty t 111-Uui;tt many I unar days .

l`
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CAS ANALY ZER FOR Ll'::AI:	 (GAIA)

PROTOTYPE ACCEPTANCE TEST PROCEDURE
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GAS	 1'0;: LUN' Air AT`:CS:'::::::?' (G:%I.A)

PI Z OTOTYPE	 TI:S: :' ".uCU)U::L

i
1,0	 Objective;

The C'JJGCtiv.: of th::5 tc:.t 7r •occeu.c is LO verify t}.-- functional

and mechanical accep t..ncc of the+	 for a future APOLLO

iliUht .

1.0	 Scope:

'!he test. procedure is to provi.c'c r.ssL::.r.cc: of the overall C;Ystem

compatLbility with thc: APOU0 scic:.:i:ic instru.. eat rcqui rc:ments.

3.0	 Gas An4lyzer for Lur,c.r d.t..osphcre Operation:

3.1	 Inputs from Data Processor:

The GALA pacl.:ago requires three: (3) t-imin, and control. signals;,
Plus ei.f;11t (8) up--link co:,-.:.and.,, from the Data Processor to
perform the experimental mwasurc:r'cnts. Thcse signals are
discusL;ed bclo;a.

3.1.1	 The three (3) tftiing and control si nal.3 are used to process and
output to the Data Proee.•sor five: (5) 10-bit dif;ital data word;;.

The three (5) input signals are:

A. Frame :;ark

B. Data Doriand

C. Shift Clock (Bit rate)

For a descri vtion of the above me ntio::ed signals see attached
memoranda.:: data January 1.6, 1968.

3.1.2	 'rho ei_gnt (S) up-link commands arc: used to cstabl.ish operat:.onal
modes of the experi;nents to provicc flexibility in performing the
intenc:ed Measure::lent .

3.1.2.1	 light (8) com::tands are utilized to perform thirteen (13) separate
operations; a co,:.rtand decoder is Lsac to achieve this.

Comman d No.	 Co-.=;!nC Cc ncrated

1, 2 & 6	 Survival

1., 3 & 6	 Operate

1, 4	 6	 Discrit:iinator III
1, S & 6	 D-scrininator LO

2 1 3 & 6	 Filament rf' 1

2, 4 & 6	 :Filament t2

A-3
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C^)

0

(Cas Analy:-cr:: 	 Lt •Ir AL o ,here G.1i.:1) 1'r o
1': • oce^ur 	 • `

L 6 Multi}^2:er'NI

3, S L	 G I.m.J.-ivion ON
4, :, 1.	 6 ^:ult^}^l:^r	 :^
G C......aad	 Clc:.r
1 £ 	 G llu..t	 (:over
EGG lire	 1

Command G follows every co::;:anc:
the operate :-oc1.: send co :.1::.-.ncir, 1, "s G G.

3.3.2.2	 Survival Xodc:

This i;, a 3c,w po ,..:c!r no^'c of oper.,tic;:.	 T;ic fo?lo:;in; c^rtu':r.
have full powkc applied to them:

1..	 Swi t c}i ftj-, I'r. e-zc^,ti^ la t or
2. Low Valt.1„c t owcr Su,r,.ly
3. I)::La Co;:trol and
14. Them, zl (:c,;:trol and Squib Fir ::n- Cktc:.

1,11 other circull:ry are Without paver..

:3.1.2.3	 0, crate Mc)dc.:

This is the normal -node of operatiorl, hm.,ever, thc: :;yste i. r,
not fully operative a;11esti the LmIssion is 0:;.

3.1.2.4	 Discri.-mi.n:,tor

The 111-- 11.0 oper.,tio;; is needed t:o coatrol Lhe di .cri::: a:,tor Sc t:ti.1:E.
The di::crimdnator follows the charFC sensitive

3.1.2.5	 Fi1zz-,c it ;rl, )02.:
This ,;y..;tem has two (2) SUp arate filaments for reuundilllC^ 111

the 3 ou source, selectable by command.

3. 1.2. G	 Multiplier I:I-1.0:

The	 i:l of the thrcc (3) ;:: tl l; it Iicrs c.i;1 bc char.-ce, cy vary;.:l^;
th:: hiC;h volta c- applicc! to tile.:.. T: .ro (2) scip aratc fain settir:bs
are }^ossi;plc throui;11 the command s;ste:a.

3.1.2.7	 L ission 0:N-01-7.

'J'hrou};:1 thc: u--c c•^r command s, the Emdssio;l Control C.:rd ccn be tur:.cd
ON oz OF:'.

-6
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•

_	 (Gas 9.2.11.; . • l • for 1.......r At--, (o phcre (c.:....,) Prototype .1c cc:pt;..hcr. T^:;t
^^	 hr UGeGl1: a^

3.1.2. F	 :srcak^ca:l :

This	 when r^ tnt, till	 the rc,,uil-,:. in the can

CliLter a.d L '4, U t-ntr:ince, %::.11 l,e C-Xpor.cd to the OULsiOe
cnvironn=L.

3.1.2.9	 i)u;:t Caver:

This	 when Soot, will b1o ..; L.Ia: squill and the: dust
cover will b4 rc:lcasud. This exposes tlhe nivror:: to the
F 1212 1 1.1;i1 t .

3.).2.10 Co-.	 n  C1ei<r :

This command is sent with every co.".^h;l nd in Lhe co:::: ;hnd F;enc^rated

Ii f; t (3. 2.2) . TIUL; c2 cart, the J-1111 flip flops in the co;.i:aanci
decoder.

3.2	 GALA Uutput^:

11 of which arc ton (10)
data from the three (3)

ten (10) Lit word i::
Tho last word is used

CN The GALA pac lkaze has
bit vor.d... Thrce 0
chat ncls of the mas,,-
ctatus of the cligita
for housekeeping and

five ( ) outpute a
are used to carry

spcctr. ometer. One
1 sweep generator.
flags.

Each of the three (3) data words h.Is the foroat as Mimi in

	

3.2.1	 Figure 1, which consists of th ` 6-bits of the 21-Lit counter
and the four (4) bits of the shift counter.

	

3.2.2	 11ous,ckcepine, Functionf•

All housekeeping functions arc sub-co-.-mutated. A fifteen (15)
losition ca::^utato:';st y p?ed through by the fr4:,c mark put. c
that is gcaerated wi.thi.n the experiment.

llou :ckecpi.ng Data Assignments:

^1. 1'.. Data

- 1 "V
-+- 5%,

+12V
Sparc:
A/D Calibrate
Filziment Currc:nt
lnstrument Current

Position :\,o.

1
2
3
4
5
G



1-' on. I t. i on Xo

9
lU

11

1 s
14
15

X. 1^.1 t.7

i:.	 V. 'i-,ult:. .onitor
Ii.	 V. swocp `:O ..Ii for

j^
`
]	 (1'1c^ctrollics)

SP.% r c

-1b\' hci.

(Cas	 ly;- or fo r Lunar At:.o:.;)l. , rc (C.',T..',) : • r. Lot)•po Accep,

._	 Proc cOurc)

The thi.rtccnth (1.31:1.) position is t}:c flab word.

Fil;urc 2 shows the digi_t..1 for iat• . of the Housc,:c:cping I'C\S.

3.2.2.1	 Bolow is a	 tabulation of the	 flay:1;:I.;cnts £;oint;	 fra:t
right- to	 left	 (::c , r 17 iF;urc 3)	 as	 L:.esc	 nits would iihpear
on the data	 li.nc.

}',it- _Y_ o si.ti on Fun c_t i on "l"Rc 	 rsent's
1U B) }i.	 I,,	 ;,ul L^ pl.:.^.	 Pos	 .. t Pos i^1

9
8

Dil;ital Swecp S;:a. t Start
Spare ----

'/ Disc rirli.nator 2'.'I-L 11I
G Fi l'Imen t

)"mission	 III-I,0 111
Emission 0\-0 •r': ON

3 Spare
2 Sparc ----
1 Multiplier III-L0 III

A zc'ru ("0") Will represent a spare.

Figure 3 shows the bit assign:-acnt.

	

4.0	 Experimcnt rest Set Operation

	

4.1	 :'11c	 Test Set (t::S) prcvidc:s the input
signals, power, Visual reado z, z -..6 Cc.La processirig
c4, abiliti.C.s du-.-in ,, bench tcstin^;.

	

4.2	 FTS

The i:TS consi::ts of the followir.;; ;:^ip;^ent;

1) Digita l Voltm-, ter (D%':•1)
2) DigitalloUic System
3) 12 colt:-..:: Printer

Powor Supply
S) Control Panel with data di. ploy.	

A-G
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1..3	 V L, 6 1	 i)ata D; -play

The ei;;itil data	 of five ten bit ^:ord^. which
tire printcc: out 1 ►y tt ► c twclv.: (12) colu---i-a printer.
Col^:::;:z 1 ^jhict:	 mi;3bered fro..i l to S incicatrs the word
nu.' bo r.

Word numbers 3, 4, 5, arc t!:c • t:,rcc ::a:,s wmetror:etc•r
channel dat:,	 ,:::ich r.rc ?ocatcd in cohmis G Lhru

12 inclusiv;:. Th,.-L are rczd out in dccivial.

Vlord 2 rcnrc::ent-s thc^ status of tho dit;it.il sweep counter
in tire. j. ,- i volt'a-c: s^:cc^p contr.ul circus L. 	 it is react
out i,S .1 decimal ut::;t,er au.d is located in .:olu.mns 9 thru
12 inclusive.

•	 3

i

1

•

rf

A-7
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k

i

vipIcxcr
Po:Jiclon )IK.	 Funct$on Normal 14- adina. Tolcri,nc-.

•12V 125

2 +5V 127 .^ 20
3 •1.12\> 11,0 5
4 CND 000
5 AM CAL 1.55 3

6 1-i1	 1 000 __..

Inst.	 1 000 -.-

Mul t.: H.	 V. Hi. r.o
181 1.69 :L	 3

I Swee p II.	 V. 000 • -204 --- 

1.0 T1 Ou0

11
T2 000

12 Spa rc (ipp --- 

1.3 1, 1, __- ---

l.4 Spa r 000
1.S -16V 149 ;^	 3

A-8



APPENDIX li

I:N VI I - INMEN'TAI, TEST SPECI ICAT10,1

YOR Tllf:

MASS ^l'1:C1'ItO^tl;'I'l;lt

Et
t

r

!1

f

E

r

t
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O

C

1\11N.1 ;5 SPEC'I•RIt11;1"1'l:lt

lOr

l : X,Yl1, 1)FI) lm, I:P

T1-'.,,S)T SPEC I F I (:AT i ON

for the

HAY-) SPEC"1'!:()Ml:") YK

ERD-Sl.1-)(0)

NASA-Mannccl Sj),icecraft Center

Earth Resources Division

I

TIA	 S-S-G9

L-2

-71_

i



1.1	 G(`11vr;ll

'111 i s s11cc i I i c'tl t ion cst ah 1 i :he y cliv i r0nruv nt ,l I 1 c:1 requ i rcnlents for
tllc .lass `'.; : t rumotcr E.\p , `rimcnt .

).2	 App 1i cab i)i Iv

1k-c.isiolls rc-
,
:Irdillr, the app) ic• ahility of the re^luirer-10111s Set forth

J 11 t h is "poc i f i ca t i can !:h;11 I he rincic by tilt, 1:4-1 r t h No.iou r: es O i v i s i on
(11 ..: ) ,	 J 110	 c'.\ t rCi ..Ic. s Shown ill 11l is spc" i f i ca t 1 oil are

for clua lific;ltiofl units 0111y.

t	 ] .3	 Olt j C(-.t i ves

'1110 object ives of the tests out] inc d ill this sPec.i ficat ion arc to f;:1in
-iSSUral)cc` that thc NZISS Spectrometer will surviv;• .11) of the ( . nv i rx1
mental ]o;lcls to v.-hich it will he cxposccl ciurin(; transpartat ion, 1; ► 11nch,
boos I , anti NINA' d1 "̂  colt ) 111d that it lr i 1 1 flulct iOn 1)1 • 01)cr l;' tilrou,;lloclt
its intell'.1ed lift.

1

6

0

0

B-3
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2.0	 APITICAII)IT

2.1	 ICS 31 -1103) 1l( . t:tl i .N: 1C."; for

?.2	 I.1:1Y 20- I1) GrLM1.1i1 :1i	 En.o.i nocri»p, Curpol-o! ioll

2.3	 MIl	 10-A

^- T

B-4



Al I test s in th is Fpcc'i f l est ion sh t) l lie conduc tckl it NASA M:Inn,d
SIm^ec l .afl Collicl', il,:^il;.tc^ll,	 l 'L'X:1;'• M. :lt it tCSt Ill}; l.ih;)r.itOr'^'

f-pcc• i f i cd hY t l t1- 1:,11-111 Rc sou rc:c • ti D i v i ^• i ( ► 1-1 .

Tcs t l'ac i l i t i c!..

3. l . l	 ne ra l

'1 t)c Qqu ip:nent used in coluluct i n;; t)IC ICSts SIV c i f icd II('I - C i 11 511:11 l be
U11), 1) 1e of	 :11"d III, 1i 11t aiI I i n;; the requi lr cd col I.li I ions-. %J I i I t h:•

Ma:,s Spoctro:;Ictcl . III :.tallcd in a non•	 ItiI1s, state.

3.l.:'	 Conditions for the Test Area

L,+host orb' cona i t i nns for conduct i ll's' operat i c lm I ched:out pi . i or to
c'17)(1/ol . f ► l l of i Iq, catc h cn% , i roIL'llenui Itest .,,Im 11 1 ► c' I-.	 nt a l ncd as

f(,llol;s:

(l)	 T( , ,, ;11)c-ratur0:	 4)S 'C ^ VC,

( l.)	 RC11Iti%T Ilu,1lidity:	 70's or less.

3.1.3	 Measuring, Control, and Recordinc Equilr,ncnt

(1) All mca mirclncnt s of the cnvi rolti^lelitct l con y i ti ons s11,111 he
hladC i.' i th	 Wh ich are approhri.ite for the test
he irlt'. CUndUCt'-d.	 'I11c ICC1lF,-I N' O f t}1L rrrasur^::'.c• nts shall
he ) i t cd ana made ava i t ah L e to t he Isar t h Resources Div i s i on
One (1) week prior to start of the tests. 111e list shall
iltCILIA' th0 f0110Sti1r1 : -%IFMfacturer and model number,
accuracy e f' the instrument, and data of calibration. 'lllc
Calibrations shall he t.raccable to .National Bureau of Standards.

(2) Contrul of the extremes sh.+l l be accu:li ► 1 i shed i th in the
tolerance specified helu.^ exclusive of the 	 instru-
mcrlt tolerances.

(a) Terihcrature: Mrs or minus 4°F after stahi 1 izat.ion

(b) Si nilsoida 1 Vihrzt i on: Plus or minds 10'%0 for the app) icd
20- 00 and 60- 100 11z f requency ran;;es .

(c) Randolm 1, :h) a t i orl : 1110 specifi ed power Spectral dens i t y
sh.+ll be ecluali:cd to wlthlIl	 3 dl) over the entire
fl-cgircncy ran e.

.(%l)	 '11101-1 :1 VaC:UUTi:	 TeM cratur e - t ?°C after st:il ► i l i -_.1t ion.

0

R

B-5



(,i)	 W-cord l IIS; i w	 1)'l2:'3.•=ll	 ; S11.1 I	 I I)C' l sod !Z o 4.1lat	 .l	 p . r	 :1011t

record of a I 1	 app I  ied Ic ► ad . ; ca!I	 he	 „=,lcic • avai I'll ► 1( •	 t: ► 	 the

pro jc c t	 (•III; i nc • c • )'	 for all,i	 approval prior	 i o .WCC")t

anct, of	 the - holllcl	 bt..	 0:1

paper 1;i t!1 ::trip	 ch ' irt	 rCCOI and/or ,\•)	 plottc • ) ,.	it
pos y i1,Iv.

.ti

r

C"

1

t
R-0
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4 .1 ► 	 I	 AlIATION ni' TV I' SI'I.C1X11

llw te."t sp-ci1:1o11 :•h;tl 1 he	 ircicd t() an oher,1,	 prior to
041(1) pha';e of enviIw... nt:1l 1(" . ting in order 1c) ( ' ti,lt;rrlinc ,1t	 ► ich
point fai 1111-c occurs, ..' hool,l ;1 rai111rc^ ock-ur. 	 In the c^vvllt of a
f'ai l un . t Iw test F-1)rrimv-11 shaI 1 he invc .,t i 5;41 t 'd .1111 the calrse o f
t)w rai lure, detcl •; • lined b y co^ni . ant	 A relxort Thal l thou
he suh;.littcd to tho Fat'th Re',0,11TCS Division for cvalu;lt ic ► n 'i"'d
they !11.11 l male a dec ision to c i t her rc-h;t i t and proceed % i t.h t he
tc•:,t or to revicw the fai lurc with do :i f;n herscilmol ;111A !;111 . ..,i t a
t1c^ spec. i r:;^ • n	 corrcc t i vo c:han;;cS Incorporated. 	 l nd i v i
rtcrsu1 c r.lrrlt s to 1;( . made on the spL-611 11on at each lost	 shall

'	 he dc•tennino:l by t11e Fartil	 Division.	 In addition to the
011:. 1-ational tcs t a visual examinati on :-hall be rode Prior to oath
phase of	 testhq),	 r`,^: • r;ttionA te:,tF. to 1 ► c rorforl,:od
are as specified in ,appendix l of thin. .pocifiiation.

4 . l	 haiver of 'Pest I:cg11i cement

Althoul;h complete evaluat ion of flight experill:ents i de"ir:{hle,
duo to a 1 i r ,i t ed t i me c l c11.o)It i n ttic over.111 hrot;rvn sumo or ,t 1 1
ellv!rolim.ental tests rl:1y he %..-aived by the I'arth P.(-sourcct-, Pivision
on any units, if it is feasible to do so after reasonal lc assurance
of reli z ible desij;n has been ,stablidled on qualification models.

c

B-7



S. 1 )	 Is.̂ '^ I	 ^ 11,:^ 1:'^ I , t	 01 1 10 .

.1 

	
Sillu_:oi(I'll Vib ration

'1hc` INtIss Sl. .tro:ltrtcr I xpc•rilacnt tc • :.t sp;cirlov shall he r 11-.idly

a ttached to a 1c•:-A f i .\t ► ll'c • , all.] the • f i xt ► lre :it tai hed	 he vi01'' It iUll
cxci ter.	 111(- spv:i .1:'il `: 11:11 1 thc'll ho `,uhjcc'tcd to vibrat loll as

specif ied ill Table 1 il. cacti of thrco t;,lt ► rally 1w)-pcndiclllor axis.
cic'fillition of \),, 1'I • , %I . axis. systun tirc I•i1;l e 1.	 T)iv ,g)ccir -n

sh.11l bc vi•,u:llly ("vc-lined :mJ fullctioll;lll%, tes ted prior t o vibration
o l ol,g (,loll :1x i s to i llsill-v	 o1wrat ion.

'1'!' A .1;	 1

h c•yucnc)^	
J c:vc`1^ 	 ' - - -.lr,lrat inll

S-20 11z
	

00. ;70 D.A.	 OncU. sweep at 1 Octave/Min.

2.0-GO 11z
	

7.15	 1.0	 0- pc;11:

60-100 1!z
	

8. SO	 1.0 0- pcah
	

Decrease Vrcq^.rcnc:y Mly

5.2	 It;.sndnr:1 V1,0rat ion

The Xrlss Spectrometer Experiment test spec irlcn 	 be rigidl y "lt t:ic'lc,:!
to a test f ixturc, and the fixt:lre :lt taChed to the vibration cx:.1 tor.
The specimctl shrill be subjected to the vibration as specified in "1'al)ic• I1
for a period Of' S.0 n1111WOs in each of three mutu,lll.y porpondiculnr- axis.
111e specimen shall be visuall y examined and f lllCtiOnr111^' I.CS MI priur to
vibration on each axis to insure proper perforrl:lnce.

TABLE I 

Crcquency _(1 1z) 	 i ' _	 _	 Power Spcc t ra l f). n s i t v

?3-G0	 12 db/octavc	 1 (11);llcic^;lsc

60-ISO	 0.387 c;2/11z

150- S30	 1?. dh/octavc	 1 db dc-crease

530-:000	 j F^/Ilz

B-8
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r,

!,.I	 1 .11nar Sur facc 1cl'11)-m'," lurc S inti l :1t i on".

^) 1!c ^^:Iti;: Spc'c t 1 u:al''l (`1' Expor il,l(`tlt 1 ("+1 spec illlc-11 Sha l l be 1 l acc'(1 1'1 .1
unar wrracc :.i,x11:1t ion t • 11mber i11 .I deplc ► vd St:ltc w  %ll the ^ur^ i1:I1

,d)c	 shall Own lac h,l.-yed (lo;;n to a pro:.::t:rc` of I t 1 c.a::t W
tors .	 "111C. 111.-111 mll-facc tc'nlpvl.11111 .. ShA l k.. ;l001 .6xil.:1(•l\ . . ;rlc1"I or
1:ith thr	 of the Occtronics	 st,tl)i 1 i:c`k1.	 111c
(• ) cc t roll i k. ,, p.;IC l:age	 t al+ i l i ., t i oll ShA l he (lot e r1:li lloJ by a o"10 dcl;rcc
(11:111;;0 per	 i,1 thr tc`Innoraturc.

111C Mass Shed runletrr t ( , : " t Fhrc'irlcn Shall coat.in,10 to operate Odiclc
the I I I, I, I r F-m - racc pIalc IL111poratllr("is i11c) - cased 10 +:'50

,. 1 . 
tlllti l

F,t ahi l i za t i oII of t i,c rl cc:t rani cs:,1.1c1,.:F;c (0110 clrc rec ch:1,11;x' 1w) , Ilullr) .

The Mass S;)c•c t rwwt rr l:xlu , r i l:will to-,  t Spec i ru'n shall he cic - cllcrI; i :.ccl

1 00t:1r c1i.>>II'^cl' l^rc^^ul c anal	 turc 1>> uuF;ht hash to roa:l ambicnt
c-uncl i t i 01-1S .

0

C
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Ili"M CO."i i c• t ion
::ll,t )1 f,	

^'c• (Ilc i I • c ►it::. ;1 t;: l	 t ,I^k	 the X1,11:(` , I ^i ► :i I 1 ►' i11 1 ^^t^c• tc,l 1'c^	 1,c^rt rc ► ',,c'tl rI' CU: :IPO:IC:l t Ala " : :1,^^.	 I (0 I ax ! l i' t ll( .)11:.1x- t ion an	 i1'C itifll't )tltl'1)	 1'1111:11
)^c • ^ fl^l• ► :;:Illc•l^ ^^ i t }	 ► 	 ^;	 ^	 t c.: ,	 ::1 ► :1 l I	 i>r 1^^'r i c^t•I; , ,	 t c,	 i1i 1	 I^cc:ificd lit:,it1.	

^,I	 t ► :'ut•c

6.1	 ,1,C t Rk-pu l t

A Iorm: ► l	 1cl).)tt S11,111	 cdt:it},ill t ► Iil • t y cl:1v^ :lftl•1' ^c^^u' ► Ic'tio ► 1Of Ill tc'^.t.	 111r ICPO 1•t ::11; ► 11 runt,^in tllc' fill:ll ,Itl: ► ly;;i:; of :fll tc'`da ta V t! ► oral c}ur i tl^; t Ilc' t c:' t 1 10; 

E' 1

f
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7
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/09

Ot111T'.II: 01'

'1'I :S'1'

MASS si l l :C1*l"k'x41:'I'I:.R

•111is	 test	 out Ii Ile 1,i	 to	 the tort uni t 	 of thc • Mass,

51^ect rc+nlrtcrr 	 ^'	 ^) fOU	 ;i(II- 1nc-r,I :1})0: 10 Lunar Surfac0 }:xlrcrirtrnt 1'.+cl.,11;L,.

7110	 enviroltrmental tesI	 spec:ifi Cat ion	 I:RD- ' %I - 1 1 '01 sect Ion	 5,3 v	 ill	 tie

porf orm0cl i 11 i t S ent i 1 • c t v i 11 t )t0 f o l i ow i nh• "ecluence

])	 I ns t r+ 1 l t he 1,1; ill the vactlum cha;;rher with all i n t ercomicc t i ng

cable:. ar+.l therm.-il coupic. s.	 ('11+e ry 1:• i 11 bu app roximately 0 cahlcs

for heater st, ips o hc:+tc r resisturn and pl,+tintu.l rosistuns, and

approximately SO T.C. cables.)

/.)	 I'crforyn electrical check for all cr+l)lc!.. Provide rend out on

:S)	 Cto:( , and })u:nhc^h-unber dc,tin.

4)	 Add liquid nitrogen to galls until readin ,7 equi l ihritnn teriperatures.

("firm- approximately 2 .1 to 36 hours to equi 1 ihrim temperatures.)

I'(1rfor11 electrical teSts simulating, both survival mode and "full-ul)"

operation of ^S at lunar night conditions.

0)	 Turn on Sol:a1 • simulators with solar radiation nonnil to top (on solar

wi ri ors) of Miss Spcctrometer.

'I)	 Reach equi 1 ihritl`n temperatures which record al l T.C. read outs.

0	 Perfonn ele trica) test. sin(rlating "full-u1)" ulceration of INtS at

l una r neon coed i t i ons .
4 ^1

B-]2
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V11tJ;ATJO,N TEST f:1.SUJ.1'S

FOR 'C11E

MASS SI'1:C"J'I;U^;1;'1'l.a:	 (GALA)
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VIi31;h'1'TC::: 7 1 , i '. '1' I►11JI1'N FOR 7•?r
w.^ ..iFi .G a i ,	 :.`.t (GAI: ► 	 F::.i':.itT.	 .. ^

u`^ i {UC Ii11tAL I•i')L`:•^^

I I;`1'f'+)DUC`IT ()'1

Gn T'.:^ : y, lc)th V... , , 10,6% the f;tructt:ral trode:l of the T•iass
;.jti.ci^ • ,mctcr (G,^I,.'.) i:xh^ri:..^r,t ^rtls ;c tc:d t;t th e ;^;^:::e Elcctmnlcs

r,t .. Uiv{si on, 	 reed fond I;va?uation Section in
bu 11,:', 1,	 15.

ra'1ic purpose of thr_ vibration tort vas to show thrfi, the rtructurc and
•;in^ Of t?:c c:xp-zriment. ti .a re ct_l::l,ac of crA1.rA'ktc-torily r3urvivin(3

the tT_--cii i(:d vibe ution -^nvi.ronment r:;,d taut tall r;tructurul i tt•:rs
0,11ca cs the du.t corer; " ) erc capable of '.'ulf illii;,; their function
tSfcr	 to t:ic.t enviroir.:^nt. 1'urth^r, it lr s proposed to
ob ►x:it, co: , , ectiL•­.te Of the: r;yilr::.I.c el;vclojje Of tl:e cxrcrit:cnt NAlen
oub,1::ctcd to tl;e cpecif i cu vibration levels.

7'hc structural tvadtl conr•,jut,ed of all rtructura:l components for the
CALA, i.ov,.t':.,r `ri-L.1i dust covers a:ncl release c-^cllt:nirty , P/C Loards
uit,h cv:.,pon'z.nt t::z:;rs r3irul e tion, cimulatcd censor (supplied by
out%^.:.:rt Center fur Ldva:ncod f)tu:lics, J,,allas 9 `i^oxr:r,) rand cic'iulation

of the AILS'12AILS: Central tation cable end reel. r'iF;urr. .l r;how:; t} 1 -
novnting of '41- her^:^dcl to 	 vi bration i'ix _^ c.tue nd the corrol_t.tion of
I;•i and MSIT uxcu; vibration of the tcr.t ciodel 	 in the direction
of V3'_' AJS1-7 t:;: s to the l.c:vcl ^ d ,::f ins --d i n Ari-,^n(IJ )• 1 . All ccrewo on
the t. c)dcl were assembled vith "LOCTE IOU'iLC`CK and tightened to +,he
following -Wr q ue leadir."c: -

1 1 -14 0	 7 Lb. • Tnc.
6-32	 9 lib. -lnr;.

The test startcd with vibre.t.ion in the vertical ay J s (XA ),	 first 7n
tbr cinucoidal mode followed by the randon cede. 	 No execrsive vibra-
tion of cc.:n-onents was note ,' duri:.3 either :::ode and,	 as 1'ar as could
.	 rotcd by eye, the dynn.-Uc eiw lope vas s ::^ 11. - in the order of
1 16 inch all round.	 On completion of this axis, the model ,,P.s
rc:r_.--,ved from the fixture and exitmincd for any evidence of failure.
None Vas noted, all. parts rippeuring to lave satisfactorily withstood
vl.bration in thin axis. 

I. '- It ir: recom=Mlec? that the vibration fixture be re-designed
fp s c: "box-t,,-) e" fixture for testing of the prototype find
future models..
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cont.i.uuet) III tLe	 A1, t.l ► i: rca nt it
C -	 %T. noted thrtt the fixture (or rnthcr, the indiv;duul mourrtilr^ pi;.lt ► r:j)

recounted alt tirot..-v] 1COO li::.	 Thir	 ones: the te:,t 1~c7ci^l. tic:::
recured to the pil'lnrr. t:l,i, there vore indic	 r,r► tion that rcr:o l ovi ce still
oc curred t^cluu 2C:}0 ):^ j '	 'I"tic fir,t 11o r1 :.1n 1^c :1 nxir; to be r1ln war,
(ter• orr, the vici',)1 of the Unit ( Y j% ).	 Once	 t.) ► e r.inu:ioidal m-.,de
^rc.0 rua, follc ".-Od Z •-y rnndoca.	 I n t))1.r, c_xis r.lc•o, the dyI tviic envelope
l.ouked ("Ood t^n(1 vas e^tir.:atc-d to Lf,! rt nfl ur to the vertical rxia; in
r,ul,»1 talc. On cot--^lction of the random mode the model vacs removed
fro:., '):c fixture z: ►ld c:rv.:rined for any cvid.ncc of fajlure. :J.terna:lly,
cc11	 we'll, 'taut upon ch:.lanr, the I:ocel c1onr; its Ionath t);ere sere
cudit)l.c: Incl.ca.-; ions that rc, .e yart or 1^artc v,^re loose internally.
At t),is point, t: e tent vtis stopped rind the model. returned to liujldjng
31. 1'03.- dir066(—:1bl.y rnd ext:I:►ination.n.

Upon removal of the radiator plate r:nd ric,ul.ated cl.ectronic : from the-
r,trocturc, it wair: found th"'t- the two "etacked" P/C 1'oerd nc,:;ccrblic3
httci	 detached from the radiator plate. Di:,::::ntlit:rr, t),e sir;tllatcd
elcctronicr; r::rel.7bly reveailed that the eif^,, ! ►t mounting pi11 7 • a 11ud
felled :;here attc:chcd to Vie radiator	 (voc Fi(;ure 2) . 1-11rther
exv?nination o) lo::ed that, tvo of the c:I r, ►. lt mountinr, s crews fc;r the "utack^_cl"
1'%C bo::rdn hod brut:%n Clove to the t:Iountir,? pillars. Dirc:nntllr.(; of
t);c "rtached" P/C Loards :,bowed that seven of the 32 7 • ^tainir.g vanhers
r:ecu.H.nF the r; acers (rce F1.f;ure 3) )1!'.'d 	 l )ose (but not detached).

l:31. ot•hcr p rt•.c of the structure and elec -ronics ~sere sound and
r.ecure, mid the dust-:overt operated ba-;xsfa:ctorily when rcleaised. It
vr;r, afro noted 6,i-r ing di ,--assembly that none of the screws (inserted  aa,
hrcvi oucly 	 had "backed-oi l s'" or looeenc d.

Luring the nest t- •o dcys (20t)i and - 21.s t Mlay) the failures :. ,ere invests ga-
ted t.nd eorrcct ,.̂ d ( bee Appendix 13) r.nd on 111urcday, 23rd, Xvty, the unit
van resubmitted to vibration test. Testing wa r, only undertaken ir, the
hori::ontul c>_xe s .

c	 F-,}', 7'r', T
Une unit war, rc -tcctcd first in the Y A r_xis (in vhich it had previously
fr:.ilud) both in sinusoidal Lnd rc.ndo;a I:.odel. Can completion, the unit
vaa removed from the fixture and showed no evidence of fe:ilurc. irnc
tort unit vas replaced on the rixtu,re and subjected to r1nusoidal. and
rckr,dc , ;a vibrr:tion in t?:c Z^ r;xis. nI1CC ac;a:in, ul on Completion, the
unit was exami.ncd for cvj dente of fui lur c;. 111on^ was to t:.c ineen (or
hcnrd). U-nc test .;a then con:,idere.d to be co-plcted end the structural
c:odel returned to 2:uilding 31 to be disassemblcd and eyamincd.
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Uron diau: , aembly, thorc:t:;,,h exr.tuinatlon of t!:c r.:o'el rhowcd no

c "' , clenec of 1.'v.ilure of uny of the 	 hence, thr.	 :,oriel

the CALl1 :i., rcgw-d ,,ci El l.'; hrivi::g cuLlsfnctorily	 its testi:u;.
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7'YhlC i,ij PIC I3CIM SPACrM.

P/C )WARD

:;TAKING WAS DI FC)111,;^:D

UNDER	 ALLOWING

^IAS}I1 }^ L 1 11C 11Cr1RID TO
1:Uf^I VERTICALLY.

^.	 R1:7'r111IJ.1IG

1I1V)IILIt

S1SHOULDER

)ING-STA IMD OVER TO CIA!-T WASHER
t:. P/C I3C:UtD AGAII;ST YLAIIGE.OF
SPACI^:IZ.

f ^

}'1G. 3 - P /C RC:AI%D SPACER
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S

VJIIR ,TJt"):; 71 "IT > S'M7

M] 1411,"101 D J,

}'i{1' "' 1r '^rY	 ^ILI I^I:YT'L	 IX1'.t,1TI 0^^

5 - 20 31z	 0.3'10" D.A.	 One	 at 1 oetnveblii:i.

P0 - 00 }17.	 '(.1 5 a 1.0 (0 to Para})

6o - 100 H:,,	 8. 50 4 1.0 (0 to yoa).) D^creftsc frcquency only.

RA NID-0.

I-IRMUE1441C Y

23 - GO	 12 diVoct uvc :+ 1 dI; incrcave

6o - 1.50	 ().387

150 -- 530	 12 d}3/octave + 1 dIB decrease

530 - 2, 000	 0-00185

11*T: - For details of test rcquirecvents cee ERD-SI .1 . 1001, "Environmental
Test Specification for the 1::ss Spectrometer".
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AP1',...!^T7. n

1'AIi)PO" 	 AT.!) CnTT—.'C'17() 1

,;lie failure of the, r.outttir,- 1411nr: fit the polut cif attaeht»ent to
tl,c rc:clirt-,or hlrate ;	 elu:.sly exa—mined, u111 C.'(we every indicativn
of l;*:v11) ; failed duc; to rAro:?sa concentration ct th(; corner of Con-

undercut closc..t t.:) the 0ioulc3,-r of the pillar. Exitininetioil of
.trsr^^rtr_:n!,1:^3 pillars showed flai l, the undercut at thi r rhuulder had
Veen c. ,Lde with LL c. -live ntionn.1 "parting -off" tool rind therefurc Lad
r^ very. r;l.(.rj) ii-jtcrnctl corner.	 (`fie part craving did not indic,,te
thr,t th1.:. was Unacc ô -ptublc.)	 that r:trecs concentration
^vaz; t.he prlrary ceu::c of failure, a sitr.ple M oM fientic'n to cUrAnate
the point of eoncc;ntrctIon var, decided ul con. As cuN be rcen in
3`11n, Ire 2(1)), time pillar .ra y tttpjl ed to accept it set-rscrew, ulsich was
ItCpoxird" Into the pillar to Firovic:e ri 1 ^r;:.anent t.odific •Lion. 11'hi
fix cn%blcd the re-t.ecting to be complct:, ct within 3 duyr, of the
oriFinr,l teat, cnd wuc cati.rfrtctory can all counts:.

It i c► ::tlg(;ected ty at the pil l s r deniCn Le modified to incorporate
Vic set, - s: rear, a.c it tu^_ets rill the restraints pltLced can thi v particular
attach:: ent to the radiator plate. Ulic rlclditional ctrcngth of the set-
screw provides a bii.;hcr fr.ctnr of gai'e'ty in thl ., urea, to cover any
contil,,;c. ncy or t^odification to the c-lceironics P/C bourds.

11pon cxrv.iinution of the tnour,ti ► ,g screw fal lure.^. (scc r, i (',tl:• e ^'(a) )
the upinion w :s formcd that this occurred after the pillars IvA failed,
cLnd t,arl due t-, the harrrerinU of the stscked Ylc board and leill,­ rs
against the r;idc of time inner housing of the thermal buZ. `1'h(-re,for•e,
no corrective action warts taken said the subsequent re-testing vas
coq)leted with no failure.

11'2ic luosening of the retaining n^; wctirlsera ( rice figure 3) was exivnined.
rove of the washer: were actuhl.ly free on the vpacer, but taro were
capable of moving *1 164 inch vertically and five oth, :rs rotr,ted upon
the spacer, indi crating that tltc riri,;-stavir:E had tacked off. qTc
fniltire vac tittriLuted to inade q uate rte— ir;g. 2'lse tool used W','Is a
r, imp lc "home-r.:ade" 1,=Ch (rec (a) below) Lid the ::boulder to be staked
only v.11oued a linited a.ount (.012 itch) of material to be defor-ied.
The loo: e washers acre re-stukud, using th y- sate tool its tefore and
cucec ssfully co--np eted tes':. !!o•.:^^ver, it is recur.:^eISSnd tl.at the
stakitk; tool 16c modified (ace (b) below) to deform more r.stcriul over
the wache-r and clinch it tit;l:tcr; aleo the detail. design of the sr.acers
should be inv^stiE,ated to d e-termine whether a :rider shoulder for.
staling, could be provided.

I

^..,

	 o° -15
0

a	 1'

11

i
r--

i

C-1.0



^. 1

R) 111:l'S

O)'

'1'111:8^tAl, - :'A(:lllllt T1IST

ON TI 

MSS SPEC'1'IZMET1:R I:XPE-RIMUNT

(GALA)

I



6

WIN I I

Or TI

TI I i i RNIA1._ "%(

ON T]

l'rcparccl l)y:

.`. , )proved by :

r	 '^

NATIONAL A1:I'\ONAI1T' r,S AND

MANNED SPACYCR"

April,



Op

0

TI11:V'4,11.-X 1 AC1)W1 '1'FST )tl:SllLTS

FOR. '1 . 111: MASS SlTCTIZOMEI'1 . F1; 'GALA)

'I llc	 t herrial -vacuum test	 model	 of	 t!1(- G-a-,	 Ana1 y::c'r	 )-I mar Appl i -

col ion	 (GAIA)	 ma.,;:. spectrolllctcr	 was tos lt•d	 at	 1 Ill`	 Fac i I i ty	 of

flit'	 Space	 Fll y I roilment 'rest	 Division, Sp"IcC L f f c • c i s

SC • Ct i on 	 ill	 lilli l din .).;	 "1t	 the	 M;11llled Sp"Icccraft	 U( . 111 - C1 • . 1lic
irst.	 b e gan	 011	 ,lime lVii,	 1969	 and	 was comMeted	 nil	 ,Iilile	 . 1 0 9 ?!#60.

The purpose of the test of thc• thermal - vacullm test rlodc'1 Wzls

to provide cl,- ► ta in evaluating; the overcall IhermaI des ipil of

the mass spoctroriet or el ectron i cs pact;apc and 10 ""low t ha t tile'

expc . r-i merit was Cap ahl c of sur y i vine; tilt' spcci if i ec 1. cm , 1 1 onment a l
i-eduiremcnt:s for lunar -urface operation.

The thcrrlal-vacuum test modcl con sisted of all rllclss spectro--

motc • r structural components toj;c lire ' ti;itli simlllcltc•d ciectroric:s

(Vi f,nres 1, 2, 3, 4	 The ciccl-ronics were simulated wills•

resistors epclxied tc ► },1'iiltcd ci 1 coif hoards to duplic::ti- the

heat output in the actual mode]. electronics (.;Cc 1'clhl	 I fol.

pc'i .:er output of each l)rinted circuit. hoard).	 Thermal control
hc-.lters	 installed 011 the radiator ]A to to Sirlujatc 5111—

vival conditions.	 The power- supplies for the simulated elec-
tronics and thermal control heaters were located extern. ► , to
the test chamher.

!!hc ^:herrlal-^acllum test modelwas coated oil .111 expo^rd stir-
efaces a:ith Goddard coating forr- ► olatioll '•1S-•7 1 .	 iS -i4	 as a

I

solar absorptance of 0.22 and an 1R emittance of ^.f^=. 	 The	 I

radiator plate was covered with solar reflecting	 having;

a Soler ;.hsorpta ncc of as = o.0^-0 ± 0.005 and a tots: hei-ais-

plic • ricoil emittailce of e = 0.80	 0.02.
f
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Print od
Ci l- Ctl it
boa rd

(t;o. )

Table 1

PR l N 1 ED (:1 I II CII 1 T I;OA O 1'O1';1:1; OUTPUT

T

(m,1)

1lowcr

(111W)

C)

1 ^^•:itc1^^^^^ T'.lt.

2	 1..1'.

4 Fmissi ca n Control

S squib-• I'il, c` Boa rd

G

7

8

c^

1n

11

12

19!6 0,0

1,800.0

1,680 n

2, n?n , ( ►

6..S

674. 0

660.0

660.0

670,0

378.0

282.0

41 .0

1 0, 8 09 .  5 m1';

10.8005 Watts

130,

1 ^i( ► .

140.

169.

r. J

56,1

5 S , ( ►

54.8

55.75

31. S

23.5

34, 9

Total

1. 1
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l , i ly- four (f,4 j	 to the test model
+tthe Iocatiotls indicated in sccI ions ?..l t-),rolljji :.6 11ti ^hc^t;n

Appvnd ix A.	 lluri 111; t)lc tc^:;t , t)1c tc^mprrc^ t.urc o f cnch 1lierrlo-
couple was recorded at least once earl) f1ftevil 111i1 ► utes on a

co:^putcr print-out.

I ' llc	 test moduI	 1 •;a ti	 11101111t('d	 On	 1	 30-	 x	 34-]n0i	 sheet	 of	 x1111:1i1111m

painted blacl, wi th	 M	 formulation .101-100,	 simulatiIII,	 the	 lunar
pl -me. 101 i I 	 Ili cchani_caI	 att ,Ichrlcnt of	 the	 thcrii;11	 III udcl	 to	 the

lunar plane was	 necc ssary,	 it v., as also highly des irable	 t o 	 Leep

thermal contact between the	 two to a	 inillil111n.	 •this	 v,as	 accom-
plished by	 use	 of	 four	 stainless,	 steel hal ts 	and	 teflon	 spacers. i

Quartz lamps wer e molded on t11e back of	 the	 luna r plane	 for

1.1211"I r 	 pla lle temper'-iture	 control. The ll mir pl-me was mol nicd

i1,	 the chamber,	 with	 a	 verl-ical	 Axis of r'otatAoli	 through	 the

30--incl ► dimension.	 The center of the	 lunar	 p lane	 and	 its	 -I	 i:i

of rotation 1•rcre	 ill	 the	 center	 of the	 solar beam.	 The	 rotation-
of	 thy• l u11.1r	 pl rine	 was	 control led frol,l outside	 the	 chamber.

The bac ► : of the	 lunar p1ane can be scen	 ill	 t,.-	 chamber	 in

Figure S.

The pressure for all tests was ill the r.lrlge of 10 -8 torr,

The chaulber liner was painted black and cooled with liquid

nitrogen cluring all the tests, simillatillp cold space.

A carbon-arc lamp (Gonarco model ,1i:-6) was used to simulate

the solar beam.	 The energy flux at t}lc lunar })1x110 ;tias

vnoni tored by use of a radiorieter. 	 During ,, Ole test t he lunar

plane tvmperature was controlled to simulate the temperature

of the lull it surface, consistent with the solar phase angles.

This l:, as accomplished by monitoring the ltma. • plane temperature

k1111 sc^• cral tll-rinocouples anti var} • i11^; the inte nsity of quartz

1 a111ps as required.
;) -9
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l he t herma l -vacullin t e st cons isted of

d .j11^^L1:1C'11iS (^^	 ti]I ► Ul;ltlll . and inst l llm

me11t tests ::inlulat ill}; four pha-scs or

11 description of the loots th;1t were

the f'01 101-: i nm paragrnph s .

co t) - o 1 ;I li p } operationa l

clit I and functional inst I-

0011d i t iolls. of opera t ions:

conducted is colitaincd i

11wis e A:

Silnlllated openition of instrcllncnt d>1) ins 11111ar night with 01111•

heaters ON.	 The test model was 1:lourlted to the ]un.)r I)1.11)c' as

shown in Figure 0. The model was mounted v:it}h its ti.o axis

ned w iIh the so1;Ir lc' flecting mirrors pci-pondicular to

the solar he"ll") (sec I'iF,tlrc 7 for orientat imi axes of insti-u

nlcnt) .

Simulated operation of instrument during; lumir night utilizing

the cleetrollic:s a s the 0111y source of heat.

} 'hos e C:

SimuLltcd opc)-ation of inst rument elurinr lunar (loon with

simul;Ited clectronics operation.].

Phase 1.:

Simulate d operation of ins trument dul-i ng ]11n,1r morning; (SLI;1

angle at ; a pproximately 4S°) with s imulated electronics opera-

t1onal.

The preliminary colit:'ol alld operational ad ustmcnt:s of the

simulator and instruments are briefly out lincd as follows:

Tlic instrument was placed ill the envirownenta'. test chamber

anal at 0 hours, heatr - No. 1 of the instrul,lcnt was turned ON

(Scc Figure 8). At approximately S 3/4 hours, liq u id  ni trogcn

1)-11

', 1
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I,a% added to the cl,:IrAbvr :111d 1110 111n:1r 1)1.111c % hvJ;all to ('001

l oWil 10 !" i l,lu l a i ca ill(' 1 1111:11' Il l f;l l l	 Al	 In 112 h our-' ,	 i n s t l'lll':en t

11catc).	was turned ()'. to S tal ' i l l ze alld test 1,1 10 i lls t l'll.,will

ill the colt} cliviI'0111'.." nt.	 Ju'-'t after 19 hours, 1 1 :e in::trurlcnt

)water-; 1':cre tllrncd 01 : 1 : - 1,	 11d the' listrument electronics t111•nwd

ON to test th(• tIiei-n11 stabiIil y of tlIt , heat f I ow of the inst rll-
s,le11t La ith ill F, 	 elC "- IroilicS I he;lt during the lull:,)' ni^Jlt.

Through 1,11 error ill judgement, the lunar planc heaters were

prerlattlrely turned ON.	 This interrupted the te!;t!. for a

period of S hours.	 The testing, ill effect, hega11 at 24 3/1

houl-S .

Phase n R l in ;lr n i vht , i nstrolneut h,. t( , r rower onl v)

1'001 i11g of the hinar p],1nC teas cc), -onced and ;1t 38 112 hours

the ]tlnar plane temperature., st::l,il.ized at -22n 11 1 : silllulati111;

lunar lli(,ht .	 1ltlri111; the cool ink; period, as the ]t,11;lr 11:1110

toulper;lture I ..'eut frolrl 0°1 : to -2211°r, tho radiator 1)] It('. ;1111

` 	 th0 electronics varied 0nJy from -45`'F t  -711°}' i11c}ic;Ming

that a boater poker of G watts, a:ould stahi 1 ize the radiator

plate an:} e1 ectronic • ^ t Cm})Crcltlll 0s lti^i.thi 11 this 1 imi t.

The tClllperat11r('S C, f val'IOtl S p o]1)tS 1111}1711 1110 1nst1'u111C11t :Ire

rtwunari zed ill Table 2.
t

}'h-1 sca }, (},tlnr ► r ni' ht, (']ectr olll cs power 0 111 Y):	 i

Durinp this phase of lunar-night testing the lunar plane was

maintained at a temperature from -220'' to -230 0 Y,	 }ti;lilc at

il,i	 tc^r.pel • ^Iture, the test 1}]all called for a test of the thcrl-l^]-

control properties of the instrument using full operation of

the electronics.	 This test was carried c,lt over the time	
!!

pee-ic ► d 38 1/2 hours to Gn 112 hours.	 At , the outset of the	 t
I^

test with the ra y}inter plclte at -70 'Y from t.<o prior test,

1110 electronics g ore tuY-nrd ON provi(ling 10.'8 watts ,f henting

D-15	 `s
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Phase

NI r;Ii^'
^	 ! 'liii,s^^

1RINAIt
NO	 , ^N 1ON

I'1t,i ; 	 ;--_(.
(C^ 38	 III-.q ) (	 (,)0-.	 1,rs) ('	 '/ .J- }lI•s)
(Temp

F 1 (; I JRF R

1.utt,^r	 1'l,tt^r -220 230 + 1 FSIll(), Radiator	 1'latc 70 30 +	 ^)5
14(x, I)o t I oIn	 of	 I;as c

PI,IIv -160 -21n 1 2nISO P- I ttom of	 Sensor
IIousi 1) P,	 I - 1	 15 -22 0 1 140

]3ill Inside	 Ilottoul	 of
Inner	 Ilou:;i>>}; -	 7S -	 20 +	 7^;

1	 l	 c;lll:f: ^^

171, I'dpo	 of	 Radiator
J']atc _	 75 _	 35 +	 5:;

137, 1n"ide	 Mount inty

127
I  1 nf"
Outside	 M ounti n,;

-	 7 S 3 S ,

Ring. -120 00 75
129, Outer	 Housing	 I -130 -110 +	 75

"^1^- ill'•' `;

+?00

+1 .1n
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+175

+ 70
	

c

f

+ SS
r

+ SS
	

i

+ 80
+ 80

I (;II R I , 	1 0

147, Collars
]S0, Pillars

	

- 70
	

2.0
	

+ 6S	 i- 6 S

	

- 70
	

SO
	

+ 60
	

+ SS

I	 + 80

I	 + 6s
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t
70

- 70

70
70

70
70

+ 7 S

+ 7()

+ 8()
+ 70
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]S

+	 C,

10

+ F,11

+ 70

+ 8 ^,
+ 75

+ £S
+ 70

r

6

':c: i,Ic 	 2
51l.'INI11;•i	 TE.'U'} It.171(1 1: 1'I O1 11.1:

Not c:	 Ap p l icd	 noti^cr	 for tests	 is as	 follows:
A	 - Iloaters	 }'l	 F, #2	 i	 6.0 t^atts
B I.ICCtroniCs _	 10, ,5 watts
C	 - I.lc(• t• rottiC:: 10. c,,Itts
I)	 - 1:1 Oct vol t] CS -	 10. t; t,,lt t s

	

1' I Gtlitl;	 1 1

PC Boa rd' s

156 9 1 SAS, 1 72, 170
157 1 173 1 169

	

I : 1(iI I i ll E	 1 2

161 0 1 S.i, 16(), 150
IS2, 104, 167 9 168

	

I^ I C;l)1;F.	 1 .^

	155,	 162 1	15.1,
160, ] (>>
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•

i :.rt:cr I;i^ in}; 1(•,`, ti:at t	 of tot .11 hcat ill,,,pc)t:^^r as Ow Iwi'l erS

st i 1 1 ON.	 1'or th i s t CSt , !)Ill N' the elCc• t rorliCS	 to hr

tip;; the hcatcrs wc•r0 to 1w OFF.	 1)ttri n;; i hc t inn t lic t otal

l,oti;cr wns ON (for 11 l/ 'd' )Iours), t)ic radia tor- pla1c I viiq)ora -

tt ► rc rose. to +2S (- l- # which was not dvirltu-nta; to the te"t of

tile. iw; trunont; howevc, r, this did not- ropresc• nt the dcsi red

test of ilie instrttt,tell: during Ill ': phase of the 1111lar nil;ht.

At S0 fours p the heaters were tm i,c:,l 0)T aria the simul,it ion

of no)-mal operation of the instrul,tclit with Only the clect; Dnics

ON duri;ig tile. ] ma i— right tats commenced.	 A  t c  c n v i I-onticntn I

stabilit y had heell att<<inc•d (at 60 112 houns), the nidintor
plate Stabilised 'it -.-)0'F 'ind thc printed circuit hoards

stabili.zCd in the.- rrini l e froth +5°1' to - 15` l' rat the time thr

l unar pl alic t cmpern turc	 at -230') 7 .	 (Secs Tribl e 2)

Ph_ise C R mia r n0otic leci rc ! nic-, power o n h , ) :

'Hie. 1 1 hasc C test was dc5.i f,ued to test the tlie • nial •control

propert ies of Ille ins truruc-111 pad ' al;itlf; with the c lec.trotlic.s

operational (no hei ► ters ON) diiring a htnar no- , —	 The lunr)r-

noou te g t took place daring the period 60 ]/1 }yours and 73 3/1

hours, At 60 1/2 hour, the heaters on the lunar plane and thc

sol.1r simulator (high-intensit y quartz lam,) werc turned ON.

The temperature of the lunar 1)1.1110 rose rapidly and in approxi -

riatel.y five 11011r; peal:0d at +225 °1'. 	 Shortly tliereafte-, the

lunar plane strihi l i zecl .t t approximately +] FS°1 . 	 A desired

temperature of .4 25O°1' for the hmai- plar.O was not ohtaillal.le

dul• inf; the lunar clay operation due to chamhe:• difficulties,

1)uring this time the temperature: of the electronics (printed

circuit boanls) stabilized in the range from +10°F to +85°F.

(See Table 2)
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j!	 (1.;:1 ► •, t	 1 ,1 1 11(! ,	 VI Ci_ t 1" iii ..	 v oil IN.)

t ill' I'llat;c' 1 ► tc!• ; war, rlcs i gnIL-d I v t i-'^A t hr I herr'l l	 vol 1)I-o-

I,c 1 • t	 of the instrument	 wi th 1110 (N )eCtrollics c ► hora-

tional (Ito hc;ltc'r-s O';)^lttrittl; a lu11;tr mor1,i11 .	 The lu11ar plolle

in 1110 Onvirom.1c • 11 ;a1 01;1111hrr w'i:• rotated 15" such that th e

i11c • ident ;111ti;1e of tho ^,ol;Ir he 'lln oll the i li e tr111;1e11t would

rc • Iirc' ^( 11 t	 tile ~1111 atlp l c. c1t1 t he i lls t rtlt,ic'tl t w! t h rc'spo t to t lle

11111;1) . surface.	 'lltc 11111;11 • plane :md the i11!,1 runtcllt reached

thorm;il sta11i l i t v at 84 11oiIrs -1t whic1) t irlc• the ;-hrlrlml c1;1ta

for ;1 lunar morn ing was sumvinri cad.

While the lul ► ; ► r 1fl ano t c•tnper;,tllrc was inc:rr; ► sed from +1RSO

to approxi:rater• +2 00' 1', tho nidiator plate renainod stable

^t I r,` ► `• l^.	 '1'hc cIcctrc ► 11ics (1)rilltcd circ• 1:it bourcl^), 11o1^vver,i..

during lunar 111n1. 11i111, Showed ;1 sIightIN, cool or temhcr,1t11ro of

5`1' less over 111c' ra1 ► i;c of +65°1' to +80'1. than lunar noon

tcinperaI urc's (i •10 ` 1. to 4 SS°1') .	 (:;cc Table 2)

S UMM A RY

Rcsul is of I- Iivsc• tests i 11.licatc t; ► i s pack, F,i11p cicsiP11 ►.i 11

wainta i n the deli reel thermal Jvacumn control of the mass

spectrometer in a 111n;Ir c nvironment .

f:^

l

r.

►

J

7

i
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Append i x A

,. I :1,%10(;01 I i' 1.): l .;)C:1'.' T M
1,01%,

'1111'RN1A1. TEST UNIT

'1 11 i s	 appendix prov i des a 1.1 thcr rmocolipl c positions	 that t

are	 loc.110d	 can	 Yhc thermal test unit	 of	 the Mass	 spect rometcu.

2.0	 1.00K1'IONS

Thethcrr.ncn111^1 cs positions al c^ 10C .11 (- Oil the printed

c i l cui t I)Uai'll: ; 	(1111 cr and J 11.IC`r holisi nn s f	 plate, radi a it or

])],I tc and k1r1:11 yzer ill the fo1 1 m .. i nI; sequence :

2.1 Printed Circuit Boards

1 1 .0.11.	 ho. Thc-rnl0coup	 e llimensions Thermocoul>lc Dimensions,
No. A h N o. C 1)

•
12 157 4. 3 .65 l S 1 .6 2.. 3

11 173 3.4 .2 158 3.3 2.3

10 01)e11 2.4 .125 172 3.12 2.2

9 169 3.5 .2 170 3.4 2..2

8 1 06 3.9 .2 168 3..`► S 2. 17

7 lost 4.2 .2 167 2.7 2.15

6 163 4.0 .' 1.64 1.7S 2.05

5 - - 152 3.175 1.9

4 151 1.45 .2. 161 2.7 2.05
x

3 154 1.45 4.75 153 1.15 2.6S

2 162 1.3 4.2 160 2.1S 2.1n

1 155 .^a5 .7 1SQ 1.3 2.0



BOARD 3 & 4

R 0 A R D

S - 12

4
r	 j_

	

(	 1/4

	EH

47

1416	 14n. î
  ^+ 3

2.2 radiator Plate

	

146	 Center of radiator 1)1;,te

	

1 5(1	 Mou nting  Post.

	

14F	 L'ottom rib of radiator plate

	

144	 }:d^;e of radiator 1)1atc, under switchini, pre - regilIat.or

	

14S	 lznd i ator Plate, under )01%, voltage

	

174	 i ar edc,e of radiator plate - next to i Idler hou. ing

	

147	 Bottom - spacer-oll 1lloilliting post

	

149	 Middle - spacer - on mourtim, post

	

1 4 3	 Top - spacer-on "lloullt i llp; pest (next to top of
radiator plate)

1)-26

r

0



2.S Sensor

U-2.7

.'...	 Scils ). Hous ing

.13	 13:1

-1134

130 Colter of	 bottom	 of	 sensor	 1-1o11si11
130 112 way- 111	 on sellsor	 llow-. i ng

133 1 12 way-11 1 1	 oil sensor'	 11011<;1111,,
1	 .	 11 1 P way--111)	 oil SCI1Sor housing

132 2 way -up 	oil scnsor how i nC

2.4	 Outer Ifousink,

131

1 ? ^a	 0
0	 128B

116

1755

12 0
120

175

131

1.28

T(,p edge
i

Middl e 	 of housing	 - end

Middle	 of 110L1^ i)lp; 	- side

Middle	 of housing	 - side

Mi ddle of housing -	 end

142 --

14 1

1	 - .14n ^---_-

4 J I I --_-



6

( I II nell or

]ill	 Oil elec:trull Imil l i p l icl.
l X1 11	 On h ' I sc ai l a t c

On In"I'glict

2. 6 	 1 ime r 11oll'; i ng

Cahle Out

139	 .138	 1 08.
l oft view

1 38 Cc11 1 car of	 1)	 1 torn	 -	 > ll nr r	 ) I o u s i n}',

137 }: c}pL.	 of ring,	 -	 inside

1.'.7 Edge of ring	 -	 outside

1ZS c( Liter of side

1 31 CC'11tC1' Of	 Cd1,,e

198 Cc-rlt cr of wipe

199 Center of	 side

i

*i. o	 Pnv,' rlt REQ11 J ltl:M}:NTS

Each 1)rin 4ted circuit board for the thermal unit is sup-

plied with }1C . Iter resistors to simulate the true electronics
1)o% .;er.	 The following table lists each hoard.

t

C^
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0

P, C. B,	 No. 1 
(inn)

Power (1:X)

12 311 .90 419.0
] 1 (R) 23. S 262.0

1 O (7) 31. r) 379.0
c^ ()) c,;.1^^ 010.0

S (2) 54 . R 060.()

7 (l ) ^,^^, fi 06,0.0

0 (4) S6. 1 674 .0

(6 (l . 54 0	 S	 ( s quib	 1 l rc`	 hom-d;
4 Emi sc ion Control 168 2, (120.0

2 1,.V. l S0 1 	 80O. O

] Switching	 P.R. 130 1 , S60. 0

l O LR(1^) ,	 Cl]

	

1 0 .  '90 0 i	 W-11  tom..

Not- c°:	 All P.C. ho,irds ;iro coated with Ecc.ocoat 582.

Numbers in O are as listed on the outline drawing of the
electronics.

`.	 14ASA — MSC — Coml., Howaon. Texas

U-29
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1.0	 1.XII EI:1;;ENT 1,L!;C1t11'' ION

,nie r.,s Analyver for lunar Atmosphere (GALA) is a small.

r,:IFnctic sector-field mass spectro:,eter with three collector:.,

olle ~:P iiwasure the ma s , ranj:e from 1 to 4 11111;), another tV

measure the 12 to 45 amu range, and till' third to measure the

ranjw from 40 to 160 amn. It contains a Nier--type thermionic

clectron 1)ombardment icon source, and I1 dil;itally ccmtrollcd

high voltage sheep circuit, the output kn ave form of whi-ch is a

series of Voltage steps approximating an exponl-ntial decry.

The data system in also digital. lo ps emerging from cacti of

the collectors rare counted, the counting periods being syllLhroni.zed

to the digital steps of t1:cr 111.1;11 voltage sweep circuit.

The instrument operates, by lases entering the Jon source chamber

v,hi ch is tightly coupled to the ambient atmosphere. Totes formed

in this source chamber at a hl-gh positive voltage, are accelerated

throul;h a pair of exit slits and collimated into a team which enters

the magrICti.c analyzer at ground potential. The beam traverses

uniform magneLft field Which separates the ions into three dJfferent

trajectories in the mass ratio 1:12:40. Ions meeting the focus

conditions in each case pass through a collector clit and are

counted by tiered independent counter systems. The spectrum is

Scanned by varying the ion accelerating voltage stepwise as Is

explained above.

6

ter.
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The advat ► tage of a triple collector analy-zee can he seen ar.

ff o3 3 v.,, s	 The mass ranp, ccamc d is an I nveruc linoar function

of Jon accc•lc-rating voltage.	 l n order to 	 ra wJdk- mast

rranf;e G to 150 amu), tan Cxcc:;::ive ra.1j , C of voltage would

have to be swept. niis Is undesirable since the resolution of

the it, amnent J:, scriously deg,r:tdvd at voltages below 250v.

Ey splitting the crass rams into thi-vo harts roughly thC cube

root of the shove: voltage ranF;e is required. An nccelorating

voltage ratv;c of 1200 to 320 volts vill hermit the mass, r1n;;e

] to 4 amu to be scinned on one .-collector, 12 to 45 amu to ht

scanned to the second collector, and 40 to 150 arnu on i.ho third

collector.

2.0 	 EXPERIMENT YURPO5E

Data from the mass spectrometer would be applicable in several
r

areas of lunar study, such as in Jnvc!it: gating, the suggestion

that noble gases, carbon dioxide, carton monoxJde, hydrogen

sulfide, ammonia, sulphur dioxide and water vopor may be

relva:,ed by lunar volcanism and from rocks and magma. Argon

would be a particularly significant- gas to study because of

Its relationship to the h-Ar dating process. Also its isotopic

i	
composition would be of interest as the different isotopes have

different origins or production mechanisms.  Ar 40 is formed

by the decay of K 140 ; Ar 36 and Ar ab may be spallati.on products

of cosmic ray interactions with surface materials. The mechanisms

of release of gases from the surface, e.g. solar wind bo-.1ardment,

perhaps can be affirmed knowing what the effluent gases are.

C)
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Li;:c•wIse, data on reIca:;eel f,: ;s^	 t,! 1] (-vrt:iinIy afford r:ome

knowled j , v of the chemical	 utiderlyinf; t11c Itmar

wcrface. Location of areas of rc-leased gaseu are related

to the sclenological -structure.-, in these area. Thus, the

mass spectrometer could be used as a tool vo locate areas of

aL tiVV voicani.sin on the moon.

)*inally, the Hass spectrvi a t-er t:] 11 provide a means for

determining the natural distributions of gases in the lunar

atsiospikere.. This i forclmat ion iu essential if the sources,

sis ►l:s, and trnnsport of these gases are Lo b y understooe.

Siv.ce the 1_unar atmosphere is a classical c o x.-unpl.e of tu:

exosphere, its global. structure can be used to test theories

on exospheric transport, t:-hich is an important proccsc in

the terrestrial atmosphere.

IL has recently been shown that li.i,ht Cases with negllgibl.e

production and loss range tend to be distriLuted at tho

lunar surface as the inverse 512 power of temperature, while

hezvier gases are influenced by rotation of the moon. Neon

fa31s into the former cat , ory, and its concentration on the 	
i

1

dark side should be ab ov -	 times that on the sunlit side.	 i

Its scale heights or. the dark side is about 1 /4 that on the
w

S1.1;-111 t: side, and thus at in assumed satellite altitude of 30 km

the diurnal. fluctuation of neon concentration should be about 10.

Argon, being hc!avii-r, is expected to be noticeably influenced

by rotation of the moon, baving slighLly less diurnal variation

tEan neon and a longitudinal shift of its maximum toward :sunrise,

resulting; in d concentration at sunrise that is about 2 times that

at sunset.

E--3
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other awor:pho :c: ga.,;es Tire not a ,: ..- :-ei blc to analytic

analysit:, but their diztributiont; are nonetheless important.

}lydrogen :aid helium, which are thought to orJrInr,tc mainly

throuf;h neutral i zaLion of r.c ► lnr wi::s~ ionL on thV lunar t-lurfacc,

,tre produced mainly on the sunlit sur: rice, escape easily,

and thus arc: not vy pectcd to Le cuncc':,crated excessively on

the dark side. The accretion rates can be calculated assun,inj;

a direct ir.pingement of the so].-,r vintl on the lunar surface,

and f ► ssuming that the coa4position of the. solar wins} is the

sarr.e at, that for the solar surface.	 Both these at;t;umptions

and the process :.f accuniulat ion and escape of thc: a lases crI:1

be checked with the grass s ► , ecirometer data. A typical mass

spectrum as obtained from the GALA is shown in Figure 2--1.

3.0	 EQUIPMENT })}:SCRIPTION

,.r
3.1

	

	 Thy GALA c.UnSistS of two basis su` assemblivs, (].) the manta

spectrometer, ran(} (2) the electronics unit to operate t}•e

spectrometer and to interface with the ALSEP systcaa. The

system functional block diagram is shu •,:• n in Figure 3-1.	 s

Figure 3-2 shows the complete iustrumenL with the mass

spectrometer in the lower section and the electronics i.n

the upper section.

3.1.	 Mass SpectromeLer

The mass spect. • ometei consists of V.-C) filaments, an ionization

ch.1rnber, focusing grids and plates, a n d three separate ion

electron One a • net is used for thepaths 4:itli	 u;ult:pliers.	 :^ },	 ^•

three channels. The mass speztrometer is constructed of stainless

UL-	 -	 -	 -
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tiLvel and will be vacuua, sr.al.ed for ilig;ht a:, t t:::.	 A scluib

operated UpeneI will 1 ► e t ► ;cd to expose the unit to the atmot.,p),rrc

to be analyzed. ?'Core 3-3 and 3-4 t:hc1%, tl ,.c bat:ic mass spectroreter.

3.1.3	 1:1 ectrottics

'111c cicctronicc: unit consiacts of the following; 12 suLassembl iQs

and a Interconnecting; wirl.n board:

(])
	

1're--rgg,u1.ator,

(2) Low voltage power supply,

Iii g h voltage power StIpply, ,

(4) Emission control. povor supply,

(5) Temperature control and squib firing;,

(G) Digital sweep,

Counting; <tnd data compress ton (Channel I')$

  11	 11	 (	 11	

2)

to	 of	 (It	
3)

Data control and signal conditioning,

(11) Housekeeping; and output register,

(12) Analog to digital converter.

3.1.3.1	 1're-ltegul^tor

The voltage pre-regulator is a switching; type regulator which

converts the 29 volt spacecraft power to a regulated 20 volt

output. The module also contains a current sensing circuit

for monitoring the current drawn from tl,e 4 .29 volt line.

3.1.3.2	 Low Voltage Power Supply

The low voltage power supply operates from the pr.e-regul.ited

20 volt supply and provides the following; output voltages.

(a) -25V do unregulated

(h) +15V dc: unregulated

•	 h-5
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(c) +12V do

(d) -12V do

(c)	 --7. S\' do

(f )	 ••16V do

(£) + 5%, do

All of tl,e low vol tags, poWcI	 the series

type.

3.1 .3. 3	 Ili gh Voltage Power SuppIN,

file high voltage power supply has two outputs a r. shown hel.o,,.

(A) 3000V dc,

W 300 - 1200V de.

Il(le 3000f do is used to power the three electron multipliers

and thc: 300 - 1.200%' dc: i , used to :weep the ion sourcc , of

the mass spectrometer.

3. 1. 3. b	 Emission Control Power. Supply

The emission control power supply provides the circuitry	 to

drive the filaments and ill of the electrodes of the mass

spectrometer ion source. This supply is floating at tlie voltage

level of tic high voltage sweep supply.

3.1.3.5	 Temperature Control and Squib firing

11c, temperature control and squib firing module provides t.hc

circuitry for the following purposes.

(A) Monitor the package temperature and control tiie heaters,

( B ) Monitor the mass spectrometer temperature,

(C) Accept commands and control the squib firing for the

6

t

mass spectrometer cover and the dust cover removal.
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3.1.3.6	 Di8ital Swccp

The dil;ital Swcep generator contains a countc r alld lad(ILI liet•-

work to provide an :+nalop, signi 1 to ;:: ivv the 1111;1: voltage output

card. The step voltages for the i.-.ass  spectrometer arc: estr ► t,li.^1^ ► d

by the counter and gate function In the swc up generator.

.i. ] . 3. i	 Counting and Data Compression

T ,Irec identical counting; and da ta co:-.p ress ion modules rirc;

used, one for each ma-.s range.

This module contains the pre-a:.nplif ier which ampliNes and

shapes the signal. received f rori the cl.: ctron mul ti pli.er. In

the mass spectrometer. The shaped pulse Is then counted

in a 21-bit. counter. The module also contains it coml.ression

circuit to compress. the counter data to 10 bits to comply

with the 10 -oft words used in ALSI.P. Thi mudul e also

contains the• shift register fc)r' tr y.-nsferr.inf; clata to thc.

ALSEP.

	3.1.3.8	 Data Control and Signal Conditioning,

The data control and signal conditioning module contains most

of the interface circuitry between the experiment and the

ALSEP central station.

	

3.1.3.9	 lousekeeping and 0Ll put Pegister

The housekeeping Llulti plexer and output register module contains

the circuitry for mul.tiplexing the various experiment house-

Leepi-ng parameters and providing an analog output of the parameters

to the analo-, and digital converter.

3. 1 .3.10 Analog to Digital Converter

The analog, to digital converter converts Lhe housekeeping

p.rameters to digital form suitable for acceptance by the

ALSEP central station.

6
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l .3.11	 '1 * vm.pt-) - aLUl - C ScillsO1'G

Ta'o temperature nutput, are prc>vitickl .	 One il►di cat c-!: t-Jectronf ct.

package temperature and t11c otl!cr indf.CUCS LbC ml ►r:r; spectrometer

temperature.

4.0	 DATA FORMAT

The GALA exper1ru-nt used I fvc (5) ten (10)-bit diglt-al words each

•

f ramnc: period. Vic format for the 3 caul words is shrnnl in

Fig. 4-1. The data words are ALSI:I' words .1.9, 21, and 49. Thc-

hews ckcepf n} ,, word format Is shown in Fig. 4-2, and if, ALSh P

word S.	 Thecommurated data a y.sit,nments for the hou;;c-beeping

word are shown in Fig. 	 4-3.	 ALSET word 14 is used as the i log

word for GALA.	 The format for the flag word is	 -hu.'n	 in
	
Fig.	 4-4.

r

.). 0 C0:-MN DS

The GALA command code is shown in Fig. 	 5-1.

6.0 ELF.CTRI CM, J NI ERYACE

The GALA Cable -rin Assignment Is as shown 
in

Fig.	 G	 1_.

7.0 MIRONMENTAL SPI:CIF1 CATIONS

The .,ALIT envir.onmentz.1 test snecification is included as

Appendix 13 of "high-Sensitivity Magnctic Sector. Mass Spectrometer

for time ALSE1' Program," dated 3 June 1970.

8.0 GROUND SUPPORT LQUI PMENT

The GSE description	 is	 found	 ill Secti011 III-1) of the report

referenced in Paragraph 7.O,	 above.
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2 Data Line

3 Shield
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5 Shield

6 Data Shift Line

•l Shield

8 Data Demand Line

O Shield
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